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The mineralogy of Waipipi ironsands was investigated 
with particular emphasis on composite nature and its effect 
on ironsand beneficiation. 
The relevance of the Davis Tube magnetic separator 
in defining a composite problem was examined. Various 
methods of separating mineral fractions based on composite 
nature were attempted. Washability studies of borehole 
samples are presented and their application to processing 
in a gravity circuit discussed. 
Results from a plant·sampling run are given and 
problem areas highlighted. Further studies extended to a 
two months test programme at the Waipipi Ironsands Limited 
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1. INTRODUCTION 
1.1 THE WAtPIPI PROJECT 
1.11 Market Develooment 
Titanomagnetite is the economic mineral constituent 
of the North Island's West Coast ~lacksands, hereafter 
termed Ironsands~ These sands belong to the Pleistocene-
Holocene age and extend over a total distance of 500 kilo-
metres from Waengahu River, 15 kilometres east of Wanganui 
to Kaipara Harbour 50 kilometres north of Auckland (Figure 1) • 
Their presence is indicated by black beaches, coastal 
ironsand dunes, bedded deposits extended to several kilo-
metres inland and offshore ironsands extending down to 
1 about 27 metres {15 fathoms) depth 
Early attemp·ts to utilise these deposits were unsuccessful 
because of financial and technological problems. In the 
late fifties with the advent of direct reduction processes 
and a growth in domestic steel consumption, there was 
renewed interest in utilisation of ironsands. In 1960, the 
New Zealand Steel Investigating Company was set up to examine 
the possibility of steel production from this material. 
It was established that adequate coal and ironsand resources 
were available to meet raw material requirements for at 
least 50 years and ·that projected markets were sufficient to 
2 
support small scale steel production ~ This stage of the 
investigations revealed a highly favourable logistic situation 
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Figure 1. Location of ironsands operations in N8rth Island 
2 ~ 
ironsand resources, coalfield, water, limestone supplies 
all within a radius of 30 kilometres. As a result, mining 
operations commenced at Waikato North Head in 1969 to mine 
and process sand for a direct reduction steel-making plant 
at Glenbrook naar Auckland to serve an expanding domestic 
market. Around this period, the Japanese steel industry 
was lool<.ing for new sources to replace exhau.sted ironsand 
deposits mined from the Japanese islands. Ironsands had 
been mined since the beginning of this century and had 
formed the iron-base for the Japanese steel industry. 
Addition of 5 to 7 kilogrammes of Tio
2 
per tonne of iron 
was believed to aid in nitrogen removal from the ore as 
well as extend the life of furnace refractory linings 3 • 
Exploration ri~hts were granted to Marcona Corp9ration 
in 1969 and investigations led to a potential deposit near 
Waverley. In the test drilling programme, fifty six 
" .). 
boreholes were sunk to estimate ore reserves and characteristics. 
Following recommendations based on runenability studies by 
the Australian Mineral Development Laboratories (AMDEL) 
suggesting magnetic-gravity separation, a pilot plant 
using an electromagnet feeding into a bank of spirals 
was set up. A trial shipment of about 400 kilogrammes of 
concentrate was sent to Japan by way of New Plymouth to 
evaluate slurry loading techniques, dry unloading and 
metallurgical properties of sand. The construction of a 
conventional harbm.J.r to cater for 50,000 to 100,000 dec:td 
~1eight tonne carriers in this area which is prone t.o heavy 
seas and southerly gales would have been economically 
unsound and a single point mooring system was considered 
\vhich allowed maneuvering of the vessel to face the wind. 
Also, development at Marcona Corporation of pipeline loading 
and slurry transportation techniques by the Marconaflo system, 
had potential application to such a system. 
on the basis of the successful trial shipment, a 
contrac·t was signed with the Japanese to supply 11 million 
tonnes of concentrate over a ten year period at minimum 
grade of 56 % total Fe. Waipipi Ironsands Ltd. was thus formed 
by Marcona Corporation and Viking Mining Company Ltd. to 
develop and mine the Waverley deposit. 
1.12 Geology of Deposit 
Titanomagnetite is a known constituent of the Pouakai 
. . 4 5 . and Orangiwhao Volcanics of the TaranakJ. reg1.on ' and it is 
generally accepted that these are the most likely source 
rocks for ironsarids. Since Miocene times, active volcanism 
had produced an immense volume of andesitic to dacitic 
material which had been subjected to erosion by wind and 
water. These volcanic material provided a major source of 
resistant minerals which were transported, a'ctri·ted and 
sorted by the sea before being laid down as beach sand. 
Fluctuations in sea level during Pleistocene times coinciding 
with periods of glaciation left several deposits si.:randed 
at high elevations and provided wide areas of dry sand 
6 
susceptible to wind transportation and dune formation • 











(a) Rapanui Dunesand 
-similar to Patea 
Dunesand but to some 
extent cemented by 
limonite and clay; 
also local deposits of 
alluvium 1 andesitic 
ash and loess~like 
silt. 
(bL Rapanui Lignite 
-andesitic ash, lagoonal 
clays, peaty lignite, 
fossil soils and trees. 
(c) Rapanui Marin~sand 
-basal conglomerate, 
pebbly sand, beach sand, 
blue-grey silt and clay. 
(a). Rangikura Sandstone 
-medium to coarse grey 
carbonaceous sandstone. 
(b). Pepper Shell Sand 
-two hard concretionary 
shell bands separated 
by muddy sandstone. 
The interface between the Rangikura Formation and the 
Rapanui Formation is called the Rapanui Bench and determines 
the lower limit of dredging. The interface bc-::bwen the 
Rapanui Formation and Patea Dunesand is called the Rapanui 
Terrace which either coincides ·v;i th the <;~-round sux:face or 
5. 
'l 
is separated from it by Recent sand dunes. 
A reconstruction of the geological history of the 
. 8 
Waverley deposit can be drawn ·from Flem:Lng 
The Rapanui Bench was cut by retreat of sea-cliffs 
under an interglacial period of the Pleistocene age. As 
the eroding sea advanced on the land, a veneer of beach-· 
~ 
gravel and sand was left on the wave-cut surface and as 
sediments became more abundant was buried by beach sand 
and silts. This period marked the deposition of the Rapanui 
Marine Sand. The onset of glaciation caused ele~ation of 
this member to a coastal pla:Ln which was dissected by rivers, 
filled with alluvium and covered by vegetation. The 
period of deposition of the Rapanui Lignite coincided with 
l 
eruption of the Taranaki volcanoes which covered· the'land 
~ . . 
with ash-showers. Mud-floHS from the volcanoes contributed 
to a flood of augite-magnetite irons and whicll. \vas transported 
down the coast. The prevailing on-shore winds carried the 
sand inland to form the Rapanui Dunesand. The Rapanui 
Terrace developed from the Dunesand terrain by ventiplanation, 
a process in which the land is eroded by wind action to the 
level of ground \vater where fixation by vegetation prevented 
further erosion. In Recent times, ironsands are brought 
to the coast by coastal drift where they are advanced 




Mining operations begin with the removal of the vegetation 
cover and topsoil by bulldozing to expose the ironsand dunes. 
Figure 2 illust.rates the treatmen·t circuit at the Waipipi 
Ironsands Ltd. plant. The material of interest comes from 
the Patea and Rapanui Dunesandse The material at grades 
varying between 20 and40 % titanomagnetite (15 to 25 % sol. Fe) 
is won by two cutter head suction dredges, each capable of 
handling ~.00, 000 .li tres per minute of pulp with dredging 
depth of 9 metres, and pumped by variable speed 1300 H~P. pumps 
through 150 metres of piping to a floating concentrator (Plate 1). 
The presence of clay horizons, cemented limonitic nodules 
and vegetable matter in the Rapanui Dunesand necessitated 
! 
ins-tallation of trammel washing at the head of the treatment 
plant. Two 2.74metresdiameter trammels, one to service each 
dredge reject 60 millimetres oversize material4 Undersize 
from each trammel is sluiced to a surge bin which functions 
as a densifier (Plate 2). Plant surge bin underflow is pumped 
by two variable speed 800 H.P. pumps to two distributors 
feeding eight 0.9 x 2.44 metres double drum magnetic separators 
(Plate 3). The magnetic concentrates from the feed of both 
dredges at grades of 62 to 78 % titanomagnetite (40 to 50 % 
sol. Fe) are laundered to a collecting bin, repulped and cleaned 
by a second trammel to reject 6 millimetres high silica iron 
nodules and vegetable matter. Tremmel undersize gravitates 
to twelve distributors feeding twelve banks, each containing 
fourteen Wright spirals (Plate 4). These twin-s·l:art units 




















Aerial view of floating dr e dg es a nd treatme nt 
plant. Tailings stacking i s t aking p l a ce in 




B. Clos e -up view of the two dredges with th e 
cu t ter head s exposed. Mount Egmont i s in th e 




PLATE 2 . 
A, Trammel as seen from the p o ntoo n s c a rr y ing 
the concentrate pipeline. 
-~· . .... _ ~ · ""~""' 
~~~-:~-~~~i··~~~:~~~~==~ .. ~~~~ 
B . Undersize f rom trammel is gravitat e d t o s ur g e 
bi n act i ng as d ensifier whil e at th e same t i me 
rejecting fi ne l ight gangu e ma t er i a l t o ove rf l ow. 
10 . 
J:-\ . 
PLATE 5 . 
Surge bin underflow is pumped to distributo r s 
fee ding double drum wet magnetic s epar ato r s ~ 
Bo In the magnetic separation process, the 
ferromagnet ic titanomagnetite is recovered 




Magnetic concentr a t e af t er 
cleaning by a tra mm e l i s 
distributed to 12 banks of 
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Tailings fro m treatment plant are pumped out 
from the rear of plant through tailings 
stackers . 
B. Close-up of tailings stacking. The bulldo zers 
in the background are levelling the refilled 
land for revegetation. 
1 3 . 
> 
A. 
PLA TE 6 . 
Spiral concentrate i s pumped through up to 
8 k ilome tr es of piping to s to c kpil e . 
Foreground shows th e freshwater pipelin e . 
B. Close -up of stockpil e a nd d ewat e rin g c yclones . 





Two bulk ore carriers waiting to b e l oaded 
on a cold windy day. 
B. Bulk ore carrier moored at mooring buoy in 
ca lm pleasant conditions. In the foregroun d , 
on the r ight is shown the floating 
concen tr a t e pipeline o 
15. 
spirals and have been specially d<'osigned for trea·ting New 
Zealand ironsandso Tailings f.r·orn spirals and the magnetic 
separators are combined and stacked. Concentrate is 
pumped through up to eight kilometres of 0"3 metre diameter 
pipeline to a travelling gan·try where it is dewatered by 
-:1.6,. 
0 "51 me·tre diameter Kreb cyclones and discharged onto the 
stockpile which has a rated capacity of 250 ,, 000 tonnes (Plate 6) .. 
During shiploading period, hydraulic doors unde:c the 
stockpile are activated and the material falling through are 
transported by conveyor belt to a repulping tank. The pulp 
at 48 "% solids is pumped by six cenJcrifugal pumps in series 
~hrough a Oa3 metre diameter pipeline to the ship anchored 
at the mooring buoy about 3 kilometre from the shore (Plate 7). 
~lis is permanently moored in 19 metres of water, held by 
six chains and can handle 100,000 dead weight tonne vessels. 
As the solids settle in the hold, excess water is pumped 
overboard so that when t.he ship is ready to leave for Japan f 
its cargo moisture is less than 10 %c This drops to 
approximately 3 % on arrival ·at port of destination. 
1 o 2 ASSESSMENT OF IRONSl~NDS 
The major requirement in an analysis of a sample is 
tha·t of meaningfully assessing ·the compound that the processing 
operation is required to recover. Since the processing of 
ironsand.s involves the separating of tit:anomagneti te from 
a spectrum of gangue minerals like augite, hornblende, 
quartz etc. 1 the assessment procedure should indicate the 
sample richn.ess in terms of the tiJcanomagn.eti te con"cent? 
'l'wo of the propert.ies of t.i tanomagneti te which can be 
assessed are its iron content and its magnetic nature. 
Conventional methods of analyses of iron involve the 
determination of soluble or total iron contentc Determination 
of soluble iron utilises the fact that iron oxides are 
readily soluble in hydrochloric acid. Determination of 
total iron involves further digestion of the insoluble 
iron by a stronger acid, eg. hydrofloric acid. 
Although these methods give highly reproducible results, 
they are no·t relevant to the process of beneficiation. This 
is because in all areas where ironsands are mined, Waipipi
1 
Taharoa and Waikato North Head, magnetic separation forms 
an integral part of the treatment process {Figure 3), so 
that the magnetic nature of ironsands rather than its 
iron content should be cbnsidered. Also, iron content is 
not an exclusive ~roperty of titanomagnetite and it has been 
sho\-ln that soluble iron and total iron techniques incorporate 
some or all of the iron values in the gangue component 
respectively
10
o Furthermore, chemical methods are costly 
and time consumingo 
As early as the mid 1940°s, the taconite industry in 
the United States had utilised the magnetic iron concept. This 
·involved determining the proportion of material retained 
in a Davis Tube magnetic separator and multiplying this by 
the grade of Davis Tube concentrate, the grade often deter-
mined by chemical iron analysis" This iHag Iron° concept 
9 
has also been utilised at New Zealand Steel • 
In 1952, a susceptibility meter was developed by Mooney11 • 
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Figure 3. Simplified flowsheets of various processing 








measurement of minerals. A refinement of this principle is 
the development of the Bison magnetic susceptibility meter in 
the early seventies which enabled determination of 
magnetic susceptibility of wet pulp samples and hence has 
application for on-stream analysis. 
In the early seventies, Outokompu Oy developed the 
Satmagan saturation magnetisation balance \vhich also enabled 
determination of magnetic con·tent wi thou·t resorting to a 
combination of Davis •rube magnetic separation and chemical 
1 . 12 d l . ana ys1s. Watson postulate t1e concept of True Magnet1c 
Fraction ('l'MF) as a means of quantifying the proportion of 
titanomagnetite present in a sample. This was defined as 
t:he ratio of the sampl.e' s Satmagan reading to a standard 
vlhich 'i\Tatson deduced from experimental and analyi7ical; results 
to have a Satmagan reading of 555. The 'I'I1F was shown to 
be linearly related to the total iron content of the sands 
and can be expressed by a regression equation .. Watson also 
defined the Apparent Magnetic Fraction (AH.F) and introduced 
the Composite Fraction (CF) as a. means of quantifying processing 
difficulties .. AMF represented the weight percentage of the 
sample recovered as magnetic concentrate when the sample 
was separated using the Davis Tube magnetic separator under 
set condi tlons o Since tl tanomagneti te and composi ·tes of these 
would.report to the magnetic concentrate, the latter would 
contain grains which appear to be magnetic o Subtractin.g the 
quoi.-:ient. TMF /AMF from unity produce CF ~ 
CF == 1 o 0 - THF /AJv1F 
This was considered to have a physical meaning in that it 






Investigations into the structure of ti·tanomagneti t:e 
grains using X-ray diffraction and electron microprobe 
1 b 1 
13 l d . . b . d ana yses y Gra 1.am revea. e t1 tanomagnet1 te to e a soll 
solution of magnetite and ulvospinel with variable composition 
and structure" It was found that pure grains of titanomagnetite 
gave Satmagan readings in the range 554 to 637. This raised 
the question of the use of a standard to represent 'pure• 
titanomagnetite. 
An attempt at applying magnetic assessment to ironsands 
production at the Waipipi Ironsands Ltd. plant was made by 
14 
Falconer • Analyses of sand increments obtained through a 
125 metres borehole grid when mining a coastal strip 
between March and October 1978 was related to the grade of 
material mined. TMF was found to perform as an equivalent 
assessment parameter to sol. Fe. CF was shortm to be strongly 
related to the grade of material mined and hence had little 
value in assessing processing difficulties. Falconer 
suggested the use of 'Performance Index•, a concept 
. d d b k d . . 15 initially 1ntro uce y Lem e an LlVlngstone as a parameter 
for measuring magnetic performance.Another parameter, 
16 
VMagnetic Performance' was proposed by Watson and Falconer 
1 
also for the same purpose .. It \'llas shown that TMF in fact 
had better application as an assessment parameter in 
relating t.he amenability of the sand to beneficiation than 
solg Fe. 
There is clearly a need to evaluate the use of CF as 
an assessment parameter in determining processing difficulties. 
The concept of an average magnetic grain needs further 
investigation. A better understanding of the nat:ure and 
distribu'cion of composites vmuld be a necessity in assessing 
beneficiation problems as well as generate information 
in mapping out an overall strategy towards ironsand treatment. 
Composi t.e grain mineralogy and distribution, and resultant 
effect on the Waipipi Ironsands Ltd. treatment circuit were 
the major areas investigated in this research project~ 
2 '1 .• 
22. 
2o MEANS OF GENERATING DATA 
2 .1 SATHAGAN SATURATION JvlAGNETISATION BALANCE 
17 
This is a magnetic. balance in which the sample is 
weighed in gravitational and magnetic fields. If the field 
is strong enough to saturate the magnetic material in the 
sample, the ratio of the'two weighings is linearly proportional 
to the amount of magnetic material present in the sample. 
If V is the volume of material and M is its 
Sat 
saturation value, then the magnetic moment 
m = VM 
Sat 




h dH · h d' f h . f' ll w ere dZ 1.s t .e gra lent o t e magnet1.c 1e a~ 
The weight fraction of magnetic material is 
p = ~-"'1-lp*'I 
g 
(1) 
( 3 ) 
where 1-1 is density of magnetic material, F the weight 
g 
of sample and g the gravitational constant. 
Combining (1), (2), and (3) gives 
11.g 1 F 
P = *dH-*--m 
MSat dZ Fg 
( 4) 
The instrument is built so that dH 
dZ is constant, 
and 1-1 and M are constant for a certain sample so that 
Sat 
the weight fraction of a magnetic material is proportional 







( 5 ) 
The Satmagan readout Q is made proportional to t:he 
force ratio so that 
( 6 ) 
Thus ·the weight fraction of magnetic material is 
proportional to the Satmagan readout. 
'I'he ability of the Satmagan to determine ti tanomagneti te 
12 content has been shown by Watson .·The question of a 
suitable standard to represent th~pure mineral has already 
been referred to. Quite often, in a laboratory , concentrates 
whose assays often exceeded the standard value were produced 
and this created problems in titanomagnetite estimation. 
However, these could be termed 'superconcentrates' since 
they are never achieved in a plant situation. 
Al·though a 555 standard is not entirely satisfactory, 
it is doubtful wheter any single value can represent a . ; 
variable titanomagnetit~ ocmposition. A sfand~rd of 585 was 
postulated by Graham13 based on an average composition of 
61.4 % Fe in titanomagnetite. Graham also suggested a 
revised empirical equation: 
Tot. Fe = 59.7 TMF + 7.0 
which gives a pure mineral of 67.7% Fe , considerably 
higher than the former value. 
Revising the aim of magnetic assessment, the objective 
was not to offer Satmagan analysis as a means of determining 
iron _content although it may to a certain extent be used 
for this purpose. The prediction of iron values from 
Satmagan analysis would be useful as it would be far cheaper 
and more rapid. However, it should be pointed out ·that there 
will always be problems in translating magnetic values to 
iron values because the latter is not an exclusive property 
2 3. 
24. 
of titanomagnetite and furthermore compositional and 
oxidation features would have effects of magnetic susceptibility$ 
The aim was to use the Satmagan to estimate titanomagnetite 
content of sand based on its magnetic property because it 
is this property which is exploited in commercial beneficiation. 
On the other hand, if Satmagan analysis of two concentrates 
give 555 and 585, and both represent 100 % titanomagnetite 
but of different composition, then the use of the latter 
value as a standard with resulting downgradihg of the former 
to 95 % titanomagnetite could have serious implications in ore 
reserve estimations. Since the correlation between Satmagan 
and titanomagnetite content in the upper range is not 
linear, consideration should be given: to a st.andard which 
represents the limit of linearity. It was shown by Graham 
that Satmagan values less than 560 do not·correspond to pure 
(100 % liberated~ titanomagnetite. He also mentioned that 
•there must be a range of Satmagan values where both 
purification and chemical upgrading are in operation•. 
Intuitively, 560 would be considered a suitable standard 
but since this is so close to the original standard of 555, 
the latter can be retained. To account for values above 555, 
a •purification factor• can be considered. This would be 
represent the difference in reading between t.he Satmagan 
reading of a •superconcentrate' and the standard. Hence,a 
reading of 585 would imply 100 % titanomagneiite with a 
purificiation factor of 30. Since 555 corresponds to a point 
in the fuzzy range ~1ere grains no longer show 100 % liberation, 
it represents the lower limit of free pure grains and 
logically has a purification factor of zero. All TMF estimates 
in this thesis wBre based on a 555 standard. 
The small sample size used'for Satmagan analysis 
varying from 1.50 to 2.50 grams has often been quoted as 
a major disadvantage because of possible sampling and 
segregation problems. Since much of the analytical work 
in this thesis was based on Satmagan atialysis, it was· 
important to know the reliability ~hat could be placed on 
a reading. 
A check on the significance of ·the sample weight was 
carried out. Samples were split down to less than 0.5 gram, 
analysed and their weights built up by adding small amounts 
split from the original. Figure 4 suggests that analysis is 
relatively insensitive to sample weight over a wide range 
25. 
of values. Deviation from the norm occured when Jche ~ample cell 
' was filled to near maximum capacity. Care was hence taken 
to maintain sample volumes at less than 80 % that of the 
sample cell. 
To check sample reproducibility, about 80 grams of 
concentrate was mixed and riffled to produce 32 samples which 
were analysed for magnetic content (Figures 5 and 6} .. Samples 
were recombined and by using a sampling scoop provided with 
the instrument, 32 dip samples·were collected. Finally, 
recombined samples were ground and dip samples \,rere collected 
and analysed at grind times of 25 and 35 seconds intervals. 
A ring-grinder was used to pulverise the material; the aim 
was to produce a homogenuous test feed0 This was shown by the 
decreasing standard deviation of Satmagan readings with 
increasing grinding time which indicated an increasingly 
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Figure 6. Histogram of Satmagan 
readings 
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reading _with increasing grinding is attributed to an increase 
in single domain particles., Comparing the variances bet.ween 
dip sampling and splitting, the latter produced more consistent 
results even better than a ground supposedly homogenuous 
sample. 
The results reinforced the confidence that can be placed 
on a Satmagan ·analysis and reaffirms the·writer•s belief that 
segregation problems associated with Waipipi sands occur at 
the plant during the sampling and splitting of the wet 
sample to a suitable size for laboratory analysis$ 
The grinding results were interesting because they 
revealed that higher grade values were more seriously affected. 
Figure 7 shows the effect of grinding time on various 
production samples. This suggests that by a suitable :grind 
time, Satmagan values may be suppressed sufficiently to 
allmv linearity in the upper range. Figure 8 is a statistical 
plot of Waipipi samples obtairied at grind times of between 
25 and 30 seconds, and suggests that research could be 
channelled to>-rards finding a sui table grind time .. Also, 
despite the inadequacies of the hydrochloric acid digestion 
technique that is supposed to exist in soluble iron analysis~ 
·the correlation between soluble iron and Satmagan is as good 
as total iron - Satmagan relationship. 
30. 
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Figure 7. Effect of grind time sooL--. T ~-l Final concentrat:------ . 
on Satmagan analysis 
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For unground samples, 
solo Fe 0.108 Sat + 
cc c= 0.998 
Satmagan units 
2.5 
2. 2 THE BISON MAGNErrrc SUSCEPTIBILITY METER 
The Bison Magnetic Susceptibility Meter18is based upon 
11 a fundamental design by Mooney • The measured scale ranges 
from 0.00001 to 0.1 cgs units. Higher values can be measured 
by dilution with non-magnetic material. 
An important application of ~the Bison meter-lies in 
the correlation between magnetic susceptibility and the 
titanomagnetite content in ironsands. The read-out is in 
terms of apparent magnetic susceptibility units {cgs) and 
by correcting for sample holder diameter (standard is 25.44 
millimetres) and air space (standard is solid), the true 
susceptibility of the sample can be determined. 
The meter can be used in the laboratory, concentrating 
plant and out in the field. For laboratory work, with 
relatively small~r samples, approximately'100 grams, the 
meter's internal coil sampler is used. For plant analysis 
33. 
and field work, an external coil is provided which necessitates 
sample size of about 2 kilogrammes. 
The Waipipi Ironsands Ltd. method of sampleanalysis 
is briefly described. A small amount ·of water about 
1 inch from the bottom is placed in ·the sample holder. 
'rhe v.Jet sample is then tipped into the sample holder and 
carefully tamped and shaken until the sample height has 
reached a minimum level. This applies to measurement with 
the external coil. With the internal coil sampler, a dry 
sample is added to about 1 inch of water until a minimum 
height is reached. Again, the pulp is carefully tamped until 
it has properly settled. The sample is then ready for 
-l 
measuremento 
The unit has_several advantages over the Satmagan. 
There is no necessity to dry the sample with the external 
coil method. This enables rapid on-stream analysis in the 
plant as well as in-situ measurements of drilled boreholes. 
The size of the sample about 2 kilogrammes for the external 
coil method and about 100 grams for the internal coil method 
gives better sample representivity compared to the 2 grams 
required for the Satmagan as well as obliviate the tj_me ·and 
care needed to split down to such a small amount~ On the 
other hand, the sample size implies-that a fairly large 
sample has to be present to allow a reliable measurement~ 
The unit i~ also more prone to operational errors. The 
sample has to have a minimum wet· volume (Figure 9} and from 
the writer's experience, the way the wet sample is introduced 
into the measuring holder, the method of tamping and agitation 
'co obtain· the desired volume will depend on the operator. 
Furthermore, it is expected that the·size distribution of 
the sample can make a difference to the packing within the 
sample holder. 
Current research •vork with the Bison meter shov1s it 
34. 
to.be a valuable tool in borehole assessment giving reproducible 
results similar in accuracy to the Satmagan (Figure 10). 
It also has potential for application in on-stream analysis 
in the plant (Figure 11) but needs further ref~nement of 
analysis technique because it shows poor reproducibility· 








































Figure 9~ Influence of pulp 
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2. 4 THE DAVIS M.AGNETIC TUBE SEPARATOR 
The Davis Magnetic Tube Sepa~ator19 is a laboratory 
tool for separating magnetic material from mineral samples. 
It has practical application for judging amenability of 
an ore-to magnetic separation and as a control for assessing 
plant performance. It consists of an inclined cylindrical gla~s 
tube supported adjacent to closely~spaced pointed poles of a 
C - shaped electromagnet. Agitation is provided by a variable 
speed motor through a crank and slide mechanism which 
oscillates the tube both longitudinally and rotationally. 
Water supply is moni tared by a flo'i.vmeter to maintain constant 
flow. 
Figures 12 and 13 (plotted from Table 2) show the 
effect of agitation rate and analysis time on Davis Tube 
separation. Rejection of gangue and·composites appeared to 
occur in the first thirty seconds of agitation, after 
which a plateau pertaining to steady state conditions with 
gradual rejection of the stronger magnetically susceptible 
particles was built up. Falconer examined other variables 
and showed that for a limited change in operating conditions, 
effect on recovery and grade characteristics was minimal.· 
Figure 14 is a calibration plot for the departmen-t's 
Davis Tube. The conditions used for Davis Tube analysis of 
samples in this thesis were: 
stroke rate =: 80 rev per min 
" wash water flow - 600 crn.::>per min 
applied current "" 500 rnA· 
analysis time - 1.0 minutes 
sample \\1eight -- 20 to 30 grams 
Table 2. Tests to determine Davis Tube reproducibility 
(a) Effect of time (at 78 RPM) 
(b) 










Final cone. assay 
Final wt~ recovery 
rej rej v (% 'I'M) 
16 .. 5 '~ 16.5 29.3 
~ 
44. 3 60.8 
" .l,. 6 62.4 












= 83.1 % TM 
::::: 34.0 .% 
Effect of agitation rate (15.5 minutes sep~ration) 
Speed % Wt .Cone. Tail Cal. Head 
(RPM) rec. (% TM) (% TM) (% ri'M) 
-
52 35.7 80.7 1.4 29.7 
62 35.5 81.1 1.4 29.7 
78 34.0 83.1 1.6 29.3 
102 33.1 86.1 1.6 29.6 
' ·---J
* subjected to water sluicing for 15 seconds 
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Figure 12. Effect of stroke rate on 
Davis Tube separation 
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Figure 13. Effect of analysis_ time 
on Davis Tube separation 
x Concentrate grade (% TM) 
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Figure 14. Calibration curves 
to determine field 
intensity of Davis 
Tube separation 
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43. 
To carry out a test, a dried sample was introduced 
into the \va.ter-filled tube ''~"i th the magnetic field switched on. 
With const.ant wash water ·sluicing t.he sample held in the region 
of the two poles, the tube was oscillated for ten minutes. 
The tailing was collected in enamel pans and the concentrate 
similarly recovered by switching off the electromagnet and 
agitating the tube until all magnet particles had been rejected. 
The two fractions were dried on a sand bath~ weighed and 
analysed with the Satmagari balance. 
Losses in a test tended to be of the order .of 0.05 grams 
per 10 grams of sample used but because losses were randomised, 
weight calculations were based on the combined fracti6ns' 
\¥eight rather than the head feed weight. 
2. 4 THE CARPCO LABORATORY INDUCED ROLL IviAGNE'riC SEPARATOR 
h . . h. h . . . 
25 d . d T lS 1s a 1g 1ntens1ty magnet1c separator es1gne 
to treat granular free flowing dry mixtures of weakly 
magnetic and non-magnetic particles, and thereby separate 
these into two fractions. The Carpco separator would hence 
be able i:o separate weakly magnetic composites from free gangue. 
Two opposing forces act on the magnetic particles as 
they pass through the separating zone; converging lines of' 
magnet force cause the particles to cling to the rotor, while 
at the same time, centrifugal force due to curvilinear 
motion produced by the rotor tends to throw the particles off 
in a trajectory tangential to the rotor.(Figure 15).A non-
magnetic particle is affected only by the centrifugal force. 
There are several controls i¥hich can be adjusted ·to suit 
~ 
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Figure 15. High intensity induced roll magnetic 
separation. 
the testwork: 
(a) Rotor speed 
(b) Flux density 
(c) Pole gap 
{d) Feed rate 
(e) Splitter setting 
In this testwork, all these controls \vere maintained 
constant except for flux density {or field intensity) and 
splitter setting. The flux density directly controlled by 
the energising current was first set to operate on a minimum 
value. This was done by switching the unit on to full scale 
deflection and then switching off the current. The resultant 
decay of the pole strength led to remanent magnetism retention 
in the poles, sufficient. to separate strongly magnetic material 
such as liberated titanomagnetite from the bulk of the material. 
The splitter was also adjusted to make a fine cut of the 
flowing stream of particles. Because of unit inefficiency, 
resulting in grain entrapment, the concen·trate and tailing 
were retreated. The scheme for sample generation is shown 
in Figure "1.6. 
The conditions for testwork are listed below: 
Rotor speed = 120 rev per min 
Pole gap :::: 1/16 inch 
Feed rate = 1 kg per min 
Splitter settin.g:o-: '4' at 0 rnA 1 i 5 I at others 
45. 
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Figure 16. Schematic diagram showing product generation 
using Carpco high intensity dry magnetic separator 
2.5 HEAVY LIQUID ANALYSIS 
---------..-·------~----~-.. 
The various·methods of analysis previously mentioned 
have involved measures which exploit the magnetic properties 
of titanomagnetite. Since titanomagnetite ·(specific· gravity 
4.80 to 5.0) and ferromagnesians (specific· gravity 3.2 to 3.5) 
constitute the major minerals in :i;ronsands, compo.si tes of 
these ¥7ould have specific· gravities ranging from 3 ~ 2 to 5. 0 
and hence heavy liquid analysis was considered as a means 
of effecting mineral separation. 
The aim of isolating these minerals were·many fold: 
(a) enable mineralogical study of separated grain~. 
(b) enable.quantification of the various specific 
gravity groups- this·~ould generate 
! 
information rela'cing to· composite grain 
distribution and also estimation of liberated 
titanomagnetite content. 
(c) enable derivation of washability curves to 
assess treatability of a material and quantify 
plant performance. 
Because of its high specific· gravity 
1 
up to 5. 0 vJhen 
pure at 90°C 
1 
Clerici Solution20 has a distinct· advantage 
47. 
over other·sol~tions such as bromoform (specific gravity 2~89), 
tetrabromoform (specific gravity 2.96), methylene iodide (specifiC 
gravity 3.32) when used for heavy liquid analysis of 
minerals having specific graviti~s· above 3.5 • Clerici Solution 





) and is a mobile, odorless, 
straw-yellov;r 'liquid which is highly soluble in vvater (solubility 
I 0 0 2 0 0 22 \ . 2 0 0 c 2000 gm, 1 ml of water at C ,. Its dens1ty at . ~was 
measured to be 4.25 when saturated and can be increased by 
heating to evaporate excess water or decreased by dilution. 
Clerici Solution decomposes at 150°C and should not be heated 
above 130°C. 
Certain constraints had to be considered when using 
Clerici Solution: 
(a) its toxic nature, 0,5 ppm considered threshold 
of exposure. 
(b) its sensitivity to temperature; when above 
150°C, it decomposes. When above·specific 
gravity of 4.25, it tends to crystallise. 
These constraints meant that extra care had to be 
taken in solution handling, recovery and temperature control. 
In order to maintain high densities, it was necessary to 
l 
maintain the solution at temperatures of at least 80°C. 
This was because, belo\v 80 oc, the hot dense solution would 
crystallise creating blockage problems in the separating 
vessel. Detailed documentation had been recorded on work 
22 24 
with Clerici Solution at 90 oc ' and it· \-Ias decided to 
maintain temperature about this value. 
Several methods were tried. These included direct 
thermostat heating of a vessel of liquid with a thermocord 
wrapped around it, heating solution in a sand bath, but 
it was found that the best temperature control was 
exhibited by sitting a vossol of the liquid in boiling 
water or in a steam bath. Temperature variation was found 
to be within zoe which was considered adequate for the 
purpose of the experiments involved. 
A separating vessel was designed \vhich consisted 
48. 
basically of a 250 rnillilitres separating funnel enclosed 
wi t.hin a hot water glass jacket (Figure 17): A thermoco:cd 
with temperature control was wrapped around the glass vessel 
to boil · · the water within the glass jacket. The 
temperature was controlled so that it was just sufficient 
to heat the water to boiling poin:t >vhich in turn maintained 
Clerici Solution which was placed ;ln the separating funnel 
at the desired temperature. 
Considerable time '"as spent in devising a technique 
for cleaning and purifying Clerici Solution. This was because 
the solution becam~ dark and separ~tion hard to ascertairi · 
. J h h d f R k 21 . 1 after contlnua. usage. T e met o o·· ~anrama uslng severa 
. 
stages of precipitation, dissolution and crystallisation 
WaS fOUnd tO be CUmbersome I time COnSUming' aS \-/ell as 
! 
result in considerable loss of the solution. 
The method devised by the wri·ter based on adaption of 
the work of several researchers21 • 23 • 24 was to use a small 
amount of activated carbon (1 g~/50 ml of solution) to· 
initially decolorise the solution9 This was filtered, the· 
filtrate treated with concentrated (98 %) formic acid and 
boiled on a sand bath. The temperature rise was monitored 
and boiling stopped when temperature reached 130°C. The 
solution was allowed to cool and filtered. Th~ residue was· 
washed with hot distilled water, the wash solution added 
·to filtrate and again boiled on a sand bath. Further 
concentration was conducted in a steam bath and the sblution· 
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Th~ experimental procedure was to st~rt by separating 
minerals at the lowest specif'i.c gravity,· reconcentrate the 
solution to a higher separating speci.fi~ gr~vity and repeat 
so that minerals of progressively higher specific gravity 
values were removed. From trial·and error with the solution! 
the following separating specific gr·avity· values were ··found 
to be significant for mirteral anal~sis: 3.20, 3.40, 3.60, 4.60. 
At· a·- specific gravity of 3 .. 2 0, quartz, f'eldspars and composites 
were effectively separated from ferromagnesians, 'titanomagnetite 
and higher grade composites of quartz and feldspar~ At a 
separating specific gravity of 3.40, free augite and hornblend~ 
were separated from higher grade composites and titanomagnetite. 
-
4.60 was the measured specific gravity at 25°C of a 56 % Fe 
Waipipi concentrate and the sink fra6tion repre~ente~ 
liberated material of plus 56 % Fe grade which must be present 
in sand to produce a marketable concentrate. 
Sample preparation involved sizing the material v-Ti th · 
J2 series BSS screens and demagnetising the screened fractions 
with a demagnetising coil. Since ~piral operation is very 
much a combination of film sizing an.d gravity separation,· 
it was considered relevant to analyse sa~ples at 52, 72, 100, 
150 BSS mesh screen sizeso This would generate information 
relating to washability characteristics as well as·co~po~ite 
. grain distribution at different sizings. 
For initial concentration, the solution was heated in a 
beaker on a sand bath until its temperature reached 100°C. 
It was further concentrated on a steam bath and ·when the desired 
separating specific gravity was reached, the solution was 
transferred to the separating vessel which had been 
maintained at a relatively constant 90°C and allowed to stand 
until its temperature reached this value. 
About 30 grams of dry sample was gently dropped into 50 
rnillilitres of solution and thoroughly mixed using a glass 
rod after which the minerals \>Jere allowed to distribute. 
After two distinct layers had formed corresponding to sin};: 
and float minerals, the vessel was gently swivelled and 
tapped to displace entrained grains. When these grains 
no longer appeared significant, the two fractions were 
removed, filtered and washed with distilled water. While 
the samples were drying in an oven at a temperature of 105°C, 
the filtrate was reconcentrated. The entire procedure was 
repeated at a higher separating liquid specific gravity. 
Glass sinkers were used to measure liquid densi~y; 
these were manufactured to give accuracies of up to 3 
decimal places. However, because of the nature of density 
measurement in which the sinker was slowly swirled until 
it showed signs of floating, the accuracy of the measurement 
was probably~ 0.01 sg units. This was considered adequate 
for the purpose of the experiments involved. 
A complete sample analysis of all· the releva.nt size 
fractions would take about 5 hours and recovery of Clerici 
Solution was estimated to be above 99 % per sink-float 
determination. Sample loss was about 0.02 grams per sink-float 
test and all losses were assigned to the float fraction. 
One size fraction was analysed in duplicat~e and reproducibility 
was found to be within + 2 %. 
52. 
3o BOREHOLE ASSESSMENT 
'The sample used for testwork was from a batch used 
for composite traction a'.1alysis by Falconer. SaT.ple set 
Borehole (BH) 3652 was chosen because it represented a 
complete borehole set (Table 3) whereas other samples were 
either in insufficient amounts or were depleted having been 
used by the above researcher for experimentation. This was 
analysed using Davis Tube, Carpco separator and heavy liquids 
with the analysed products recombined for each set of 
experimentation (Figure 18). Only the first four increments 
down to depth of 6.1 metres were examined since this value 
14 roughly corresponds to the mining depth of.dredtJe when 
operating in the area of borehole. 
3o11 Derivation of CF 
As a hypothetical case, consider five grains of sand 
of equal mass with the following properties: 
Grains 1 and 2 - 50 % titanomagnetite and 
50 % gangue. 
Grains 3, 4 and 5 - free (100 %) gangue. 
The TMF of this small sample will be 0. 20, the AMF vlill 
be 0.40 and the CF will be 0.50, which is logical since 
gangue constitutes 50 % of. the two magnetic grains. In reality, 
grains exist as composites in ·all sorts of proportions 
varying from 0. 0 to 1. 0 and the problem arises as to v7ha t 
constitutes a magnetic grain. Recognising the subjective 
53. 
54. 
Table 3; Sol. Fe and Satmagan anaJ.ysis of Borehole 3652 
Sand DepthT. Sol. Fe* -~--D}:-o-'I-'M ______ _ 
increment (ml r-:ncrementr-::~~ .... ,-c_u_m_u_l_.a_t·-i-,-,e-l 
0.0 1.5 33.2 33.2 55.9 
1.5 - 3~0 29.3 3L3 44.1 
3.0 - 4.6 19.2 27.2 24. 3 41A 
4.6 - 6.1 17.9 22.4 8.6 33.2 
6.1 - 7.6 9.6 1.9. 8 12.0 
7.6 - 9.1 8.,2 17.9 11.6 26.1 
I" 
9.1 - 10.7 11.5 ·n. o 15.6 24.6 
* conducted by Waipipi Ironsands Ltd. laboratory 
55 .. 
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Figure 18. Sample generation for testwork 
nature of this, Watson defined the AMF as the proportion 
recovered under specified Davis Tube conditions (detail~d 
in section 2.3). Consequently, the CF can be interpreted 
as the gangue fraction of a grain which is magnetically 
recoverable under stated Davis Tube conditions. 
Reconsidering the mass balance formula, 
CF = 1 - TMF/AMF 
it will be shown that this no longer constitutes a balanced 
equation. Consider again a hypothetical case of five grains 
with the following properties: 
·Grains 1 ·and 2 
Grains 3, 4,-and 5 
- 50 % titanomagnetite and 
50 % gangue 
5 % titanomagnetite and 
95 % gangue 
Assume that the Davis Tube recovers graini 1 and 2 but 
rejects grains 3, 4 and 5. The TMF of this sample is 0.23, 
the AMF is 0.40 and the CF according to formula is 0.425. 
wheras the actual CF according to definition would be.the 
gangue fraction in magnetically recoverable material and 
should logically be 0.50 • The discrepancy arises because of 
the inability of the Davis Tube to recover all magnetic 
material analysed by the Satmagan balance. A situation like 
can be shown to exist: 
56. 
BH 3652 was analysed by Davis Tube under earlier· stated 
conditions, recombined and analysed by the Carpco separat:or .. 
The aim behind the use of the lat·ter was ·that a high intenstty 
magnetic process would recover weakly magnetic material such 
as low grade composites which would be rejected by the Davis 
Tube. The stronger magnetically susceptible particles were 
·( 
initially separated by operating the magnet separator at 
remanent magnetism with the splitter positioned to make 
a fine cut. The weakly magnetically susceptib~e particles 
were subjected to a maximum applied field current of 1.5 rnA 
rated.equivalent to 10 1 000 Gauss. The two combined magnetic 
fractions constituted a magnetic product vihich included 
both liberated and composited tita~omagnetite grains. 
'l'he scheme for sample generation is shown by Figure 16. 
The significantly higher percentage recovered as magnetic 
product in the Carpco separator (Table 4) shows the inability 
of the Davis Tube to recover composites of low magnetic 
susceptibilities. The latter appeared to be rejecting 
-
composites of the order of 5 %True Magnetics (TM). From 
the testwork in section 2.3 to establish Davis Tube 
reproducibility, it is unlikely that its performance can 
be improved drastically to the extent of rec~vering much 
of such material. 
Since CF is the gangue fraction in magnetically 
recoverable material, its value should simply be the 
complement of the grade of a Davis Tube concentrate. 
CF == 1 - TMFDavis Tube concentrate 
The modified CF can be shown to be closely related to the 
~riginal CF (Figure 19). Replacing the original CF by 
a CF ·d hence only satisfies the definiition term but mo 
gives no additional information concerning low grade 
composites. Since both are strongly related, future 
discussions vlill cover both·· terms. What needs further 
investigation is the importance of low grade composites 
57. 
58. 
Table 4. Testwork to substantiate rejection characteristics 
I 
of Davis Tube 
·( (a) Davis Tube separation 
I 
Borehole Concentrat.e Tailing ·Head feed 
increment % wt. grade % wt. grade meas. · cal .. 
(metres) ·recov·. (% TM) recov. (% TM) (% TM) (% TM) 
--
o.o - 1.5 63.0 91.5 37.0 0.9 55.9 58.0 
1.5 - 3.0 48.8 90.6 51.2 1~3 43.1 44.9 
3.0 - 4.6 28.8 80.7 71.2 1.4 25.0 24.3 
4o6 - 6.1 10.5 59.5 89.5 2.7 9.9 8.6 --
(b) Carpco magnetic separation 
Borehole Concentrate Hiddling Tai lHig. · Feed ______ ,.. 
increment o;. ,0 wt. grade % wt. gradE7 % wt 
: 
grade cal. 
(metres) recov. (% TM) recov. (% TM) recov. (% TM) (% TM) 
- . 
0.0 - 1.5 58.0 99.3 16.0 6.3 26.0 0.5 58.7 
1.5 - 3.0 44.8 98.2 25.2 5.4 30.0 0.5 45.6 
3.0 - 4.6 27.7 84.9 28.6 3.6 43.7 0.5 24.7 
4.6 - 6.1 14.6 55.5 44. ~. 3.1 41.3 0.7 9.7 
{c) Carpco magnetic product (concentrate + middling) 
Borehole % Wt. Grade %'"™ re 
increment recov. (% TM) by Davi s 
(metres) Tube* · ------
0.0 - 1.5 74.0 79.1 8.1 
1-5 - 3.0 70.0 64.9 5.6 
3.0 - 4.6 56.3 43.6 4. 7 
4.6 - 6.1 58.7 16.2 I 6.8 -- -·~--- ·-






















in the magnet and gravity separating processes and hence 
the relevance of the CF term in evaluating sand ~menability 
and quantifying processing difficulties. 
Although there has been considerable work done on 
composite frac-tion analysis to establish its possible use as 
an assessment parameter, its significance in terms of 
mineralogy and distribution has never been fully understood. 
For example, a CF of 0.3 implies 30 % ~angue in a D~vis 
Tube concentrate but can mean 30 % gangue in every magnetic 
grain or even 60 % gangue in 50 % of· the grains with the 
remainder liberated. The.former would define a clear 
processing problem which would necessitate grinding to 
liberate the valuable mineral whereas the latter represents 
a treatable situation. 
Distribution of composites can be determined directly 
from microscope analysis. However, this is a method which is 
slow and tedious as well being operator orientated. The 
number of grains counted, at least 1000, constitute only 
a very small sample population and there would.be problems 
in translating numerical frequency data to weight frequency 
data. 
Indirect methods had to be considered which exploit 
certain properties of ironsands. These properties were 
sizings, ferromagnetism and specific gravity. 
60. 
6L 
3.121 Sizing analysis 
8 10 14 It is gener~lly accepted ' ' that increasingly 
fine s~nd is also richer in titanomagnetite content and the 
same trend is observed from size analyses of the various 
depth increments of BH 3652 (Table 5 and Figure 20)D This 
can be attributed to the valuable wineral occuring in ·the 
short size range of 105 to 210 microns whereas the bulk of 
the material lies between 150 to 420 micronsc Such a size 
differential can be related to sedimentation characteristics 
in an equisettling regime during the period of deposition 
i'li th the fine heavy ti tanomagneti te having similar settling 
rates to the coarse light gangue minerals. Within each size 
fraction, there is an inverse relation between true magnetic 
: ; 
content and depth (Table 6 and Figure 21). This downgrading 
with depth which is typical of the Waipipi deposit shows 
the Recent Dunesand to be richer than the underlying 
Rapanui beds. The consistently finer size distribution 
and the richer beds suggest the possibility that either the 
)- younger sands have been derived from the older sands 
or that both have a common source with the younger material 
having a longer weathering cycle. Since there appears to 
be increasing liberation towards the finer range, sizing 
analysis should generate information-relating to CF distribution. 
Figure 22 shows CF analysis of various size fractions at 
varying depth increments. Bearing in mind the limitations 
of the Davis Tube, composites (greater than 5 % TM) not 
only dominate in the coarser size fractions but also increase 






















~ . I 
i 40+ •S 
:::J 
u 
""''gure 20. r J .. l . sis of S ·ze ana y ' ), 
·hole '=1652 Bore ·-
1 .5 rn o.o -
1 .• 5 - '_:!! • 0 II 
6 II 3.0 - 4. . 















Figure 21. TMF analysis of size 
fractions of Borehole 3652 
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Figure 22. CF an l a ysis of 
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Table 5. Size analysis of Borehole 3652 




BSS 0.0 -- 1.5 1.5 - 3.0 - 4.6 4.6 - 6e1 
·-· 
52 10.0 16.8 2 3.8 37.9 
72 25.5 30s2 37.7 37e5 
'85 17.3 17e2 " ':1.5 .1 10.8 
100 21.0 16.4 11.3 6.8 
'120 14.2 11.2 6.3 3.3 
150 8.5 5.4 3.5 2.1 
200 3.0 2.3 1.8 1.3 
pan 0.5 0.5 0.5 0.3 
-
Table 6. TMF and CF analyses of Borehole 3652 
'-~-
Sample 
Incr(m) o.o - 1.5 1 .. 5 "'"' 3. 0. 3 .. 0 - 4.6 4.6 - 6.1 ·---
Mesh 
BSS TMF .CF TMF CF TMF CF TMF CF 
52 0.105 Cl; 2 6' I .0;065' 
·o. 44 · 0.052 '0~63 .. .0.043 0.71 
72 0.263 0-08 0.2'16 0.20 '0. 12 4 0.35 .. 0 .. 067 0;48 
100 0.636 0.04 0.580 0 .1.2 0.386 0.16 0.166 0.34 
150 0.894 o.oo 0.879 0.01 0.742 0.04 0.492 0.15 
-- J 
3.122 Ca.~pco high intensity dry magne·tic separation 
This·was referred ·to earlier (section 3~11) in. the 
production of three fractions, comprising a strongly magnetic 
(mainly liberated) fraction, a middling fraction and a 
gangue fraction. Table 7 and Figure 23 illustrate the results 
achieved. The liberated titanomagnetite occured as the 
finest product with the middling as the coarsest product~ 
The latter shows the tendency of composites to occur in 
the coarser size range with the suggestion that the liberated 
material, free gangue and free titanomagnetite may have 
originated from degradation of these composites. The middling 
analyses suggest these to be of relatively low titanomagnetite 
content with a gradual increase as the product became finer. 
l 
Looking at the products through an ore-dres~ing microscope, 
it was noticed that the latter was due to presence of 
entrained liberated titanomagnetite and not to increase 
of titanomagnetite content in composites.· It was also noticed 
that whereas the middling fraction comprised mainly quart:z, 
feldspar and augite composites of minor ( 10 % by· volume) 
titanomagnetite content, the free gangue fraction had free 
quartz, free augite and a significant proportion of augite 
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-{ 
Table 7. Size analyses of Carpco magnetic separator products 
from Borehole 3652 




Mesh Str. magnetic Middling Tailing _ _. __ 
BSS ·% wt. %TM % Ht. % TM % wt. % TM 
36 0~3 55.1 10.6 4.5 6.0 0.5 
52 1.8 71.5 23 .. 3 4.3 17.2 0.5 
72 14.9 88.1 41.6 7.0 44.7 0.9 
100 46.5 98.2 20.1 9.5 25.7 1 .. 4 
150 31.6 100.0 3.8 25.2 5.0 4.0 
200 4.4 100.0 0.1 36.0 0.9 
I 
2.7 
pan 0.5 92.8 0 .. 5 27.0 0.5 1.8 
--~---1.. 
Increment 3.0 - 4.6 m 
Mesh 
BSS 
Str. magnetic Middlin~-- Taili:-















































Increment 4.6 - 6.1 m 
Mesh Str. magnetic Middli~ Tailing l 
I--B_s_s_~-~~%~-"-'~t-~."""""J......:._%_T_M __ ~+---%_-~---t-. -.rr-% TM --~T~ :1 
36 6.5 I 18.6 I 16.4 3.8 10.4 I 0.7 
sz 1s.1 3o.s 29.9 I 2.9 24.1 o~9 
72 27.2 39.6 37.4 4.9 41.3 0.9 
100 24.4 65.8 13.6 3.8 19.4 1.1 
150 19o9 87~9 2,2 3.8 3~8 3.2 
200 l 5"6 95e0 0"4 3.,6 0.,8 4., 7 
--~~-L~:_! ___ ~·--= s_:~~~-J.-·---~-:_? __ ..,_._:?_::__,_, __ ~2-J ____ s ·-~-J 
68, 
3.123 Mineral separation based on specific gravity differences 
The use of Clerici Solution as a method for isolating 
mineral groups based on specific gravity differences has 
already been explained. BH 3652 was subjected to a series 
69. 
of sink-float tests, the resul·ts reproduced in rrables 8 to 11 
'(Appendix 8.2) and illustrated by Figure 24 plotted from Table 12. 
Mineralogy was dominated by three major mineral 
groups. These were: 
(a) the titanomagnetite group - comprising 
titanomagnetite and titanhematite 
(b) the ferromagnesian group - comprising 
augite and hornblende 
(c) the quartz group - comprising quartz and 
plagioclase feldspar 
Other minerals present in trace amounts include hypersthene, 
garnet, zircon, tourmaline, muscovite and biotite. That the 
mineralogy is dominated by such a small spectrum of minerals 
can be attributed to the detrital nature of the sand deposit. 
The ti tanomagneti te group \vas easily separated as 
a sink fraction from the bulk of the sample at a specific 
gravity of 4.60 . The average specific gravity of this 
fraction was found from •specific gravity bottle' measurements 
at 25°C to be 4.82 (Table 121 suggesting a highly liberated 
product. This was confirmed by binocular microscope 
observations and yet Satmagan analyses suggested only 95 % TM. 
Remainder 5 % must hence be represented by the oxidised 
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70. 
Figure 24a. Sink-float analysis 
of 0.0 - 1.5 m 
increment 
_4. 0 4.6 
SG fraction' 
Figure 24b.Sink-float analysis 
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Figure 24d. Sink-float analysis 




Table 12a. sink-float a':lalysis * Ca lc·.llated of BH 3652 
Sample o.o - 1.5 m increm. Float fraction Sink frac·tion 
SG fraction <1. ,o W~: % TJYJ. I:% Wt i:% TM ><;' <.;/ ...... /0 Wt :i:% TM. 
3.2 float 5.4 
..., ..., 
1'-.L. 5.4 2.2 100.0 55.6 
3.2 - 3.4 33.1 2.2 3B.5 2.2 9 4. 6 58., 6 
3.4 - 3.6 1.0 6.0 39.5 2.3 51.5 8'3. 0 
3.6 - 4.0 0.9 12.6 .. 4).4 2.5 6().5 90.4 
4.0 - 4.6 0.9 42.0 41.3 3.4 59.6 91.5 
4.6 sink 58.7 92.3 100.0 55.6 58.7 92.3 
Sa11ple 1.5 - 3.0 rn increm. 
SG fraction 
3.2 ·float 8.4 2.4 8.4 2.4 100.0 45.1 
3. 2 - 3.4 39.4. 1.8 47.8 1.9 91.6 49.0 
3.4 - 3.6 2.7 5.7 5().5 2 .1. 52.2 84.6 
3.6 4.0 2.8 14.0 53'. 3 
') ., 
!49.5 88.9 - L. .., I . 
4.0 - 4.6 2.0 51.8 55.3 '4. 5 ·46.7 93.4 
4.6 sink 44.7 95.3 1.0 J. 0 45.1 44.7 95.3 
Sample 3.0 - 4.6 :n in:::rem. 
SG fraction 
3.2 float 14.8 2.1 14.8 2.1 180.0 2'5.5 
3.2 - 3.4 47.7 1.5 62.5 1.6 85.2 29.6 
3.4 - 3.6 7.7 5.2 70.2 2.0 37.5 65.3 
3.6 - 4.0 3.7 14.1 73.9 2.6 29.8 80.8 
4.0 - 4.6 2.1 39.6 76.0 3.7 26.1 90.3 
4.6 sink 24.0 94.7 10J.O 25.5 24.0 94.7 
sample 4.6 6.1 m in:::rem. 
SG fraction 
3.2 float 18.9 2,7 18.9 2Q7 100.0 11.4 
'3.2 - 3.4 63.6 1.7 82.5 1.9 81.1 13.5 
3.4 - 3.5 3.9 ? .1. 86.4 2.2 17.6 55.9 
3.6 - 4.0 3.0 14.5 89.4 2.6 13.6 70.3 
4.0 - 4.6 1.3 4).7 90.7 3 ll ~1 '10 .. 6 8S ,~ 1 
4,6 sink 9.3 92 • .5 100.0 1'1. 4 9.3 C)" ---· /.. • :J 
Table 12b. HMF of various size fractions of Borehol~ ~652 
[ 1--H_e_~_h_ .._B_s_s_-_ _J. _ ___:__"/c_o_H_~_r . --  T-M~i~n-_·_H_M_·. -+---s-G_·--~-t~-5-o_c __ ~ 
Borehole increment -· 0.0 - 1.5 m 
T-. ----
52 8.7 88.3 
72 27.7 91.9 
100 66.9 91.9 
150 96.2 92.8 
Borehole increment = '1.5 - 3.0 m 
52 4.5 91.9 
•72 ... 20.0 95.5 
80 62.1 95.5 
150 87.5 95.5 
Borehole increment = ~.0 - 4.6 m ----r--· --: -- -~·"- --
52 3.1 93.7 
72 11.8 94.6 
100 37.7 93.7 
150 73.6 95.5 




72 5.7 91 .• 9 
100 17.8 91.9 






















* Assume - 150 mesh fraction to be the same in mineralogical 
distribation as - 100 + 150 xesh fractio~ for head feed 
calculations. 
74. 
The ferromagnesian group occured mainly in the 3.2 to 
3.4 specific gravity fraction. This was dominated by augite 
which occured as elongated well-·rounded light gra.ss green 
crystals~ Hornblende was present in minor amounts as green-
brown a·nd red-brown varieties showing prismatic· elongate forms 
with squarish outlines. Composites of these minerals had 
~ 
titanomagnetite present mainly as trace inclusions within 
the host grains. These occured in the 3. 2 to 3. 4 specific 
gravity fraction. Composites with minor titanomagnetite 
occured in the 3&4 to 3.6 specific gravity and were characterised 
by clouds of minute inclusions of the valuable mineral 
within the host grains. 
The quartz group occured mainly in the 3.2 specific 
gravity float fraction. Quartz with ad~mantine to. vitreous 
lustre showed angular crystal habits. Plagioclase feldspar 
ranged from colourless to pale yellow sub-angular to 
angular crystals. Composites of these minerals had trace 
to minor titanomagnetite present as inclusions within the 
hos·t grains and also as part-detached grains. Composites 
with higher titanomagnetite ( 10 %by volume) occured in 
the heavier fractions but were rare. 
The ferromagnesians dominated the gangue minerals 
with the quartz group minerals present in higher quanti i::i es 
than had been reported by previous researchers8 • 10 • 
Both occured predominantly in the ·coarser size fractions 
with the heavy liberated mineral reporting in increasing 
prdportions towards the finer fractions. However, there is 
no 'cut-off' liberati.on size, so that any attempt to 
predict concentrate based on sizing will have an error of 
estimation by virtue of the method neglecting the above 
size products. 
Overall, the upper increment samples showed signs of 
having being longer in a weathering cycle. These had well-
rounded smooth grain textures compared wi t.h the rough and 
pitted grains of the lower depth increments. These pits may 
possibly have been derived from the weathering away of 
75. 
a surface coating of titanomagnetite. Also, the lower increment 
samples contained grains with zonal textures as well as 
include composite grains of augite in quartz and vice-versa, 
an occurence not observed in the younger sands. As has 
already been expressed before, this observation suggests 
that the younger sands are either derived from the older 
sands or that they have a common source. 
Since the material is processed on the basis of 
physical differences rather than mineralogical differences, 
a more relevant classification may be to group the material 
in terms of specific gravity differences. 'l'he material 
tha.t floats at 3. 6 which would include quartz, ferromagnesians 
and composites can be considered to be a Ligh·t Mineral Fraction 
(LMF}. The material sinking at 4.6· consisting essentially 
of liberated titanomagnetite is termed the Heavy Mineral 
Fraction (HMF). HMF must be present in a feed if a concentrate 
(56 % Fe) is to be recovered. Although only a small percentage 
report to the specific gravity range in between, 3.6 to 4.6 , 
this range especially ·towards the 4. 6 end is probably a 
critical one by virtue of the heavier grains reporting 
either as contam:Lnan·ts (if too many) or as desirable composi t:es 
76. 
in combining with the liberated mineral to produce a 
' marketable concentrate. A proper study will have to be 
initiated on the Waipipi Ironsands Ltd. spirals to determine 
whether the separation is affected by a composite problem 
in vlhich case this particular specific gravity range 
wpuld be critical or a load problem suggesting the large 
LMF to be more important. 
Looking at the overall effect of mineralogy on the CF, 
it appears that an increasing CF can be attributed to a 
progressive decrease in the liberated mineral or a corresponding 
proportional in'crease in recovery· of composites having 
mino~ and greater .titanomagnetite content by the Davis Tube 
(Figure 25). The ide~ of an average magne~ic grain can 
certainly be abandoned since the valuable ~ineral distribution 
l 
is skewed towards one end. Also 
1 
an increa'sing CF is not 
related to an increase in the gangue fraction within each 
mineral grain. An increasing CF has two implications in 
the Waipipi situation. The relative increase in amo~nt of 
composites which forseeably are recovered by the magnet 
separators result in a downgrading of the spiral feed. Also, 
increasing CF suggests progressively lower recovery of 
concentrate which still represents a treatable situation 
which can· be handled by adjusting spiral· spli t·ters. "Hence, 
no single value of CF can possibly imply a critical processing 
problem but rather increasing CF values will generally 
imply progressively leaner and greater composites recovery 
to the spirals. 
Another drawback i.n the use of the CF term is that it 
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Figure 25. Relationship between CF and HMF 
for Borehole 3652 
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into consideration the mineralogy of it. It has already been 
I 
pointed out that gangue mineralogy is domin~ted by ferromagnesians 
and the quartz group. While Jchere may be little distinction 
between the two groups in a magnetic circuit, their specific 
gravity and shape differences will result in dissimilar 
hydrodynamic characteristics in the spiral concentration 
stage~ It is forseeable that an increasing CF due to a 
·proportional increase in quartz· composites at the expense of 
ferromagnesian composites may constitute an 'easier to treat' 
situation in the gravity stage than a vice-versa case. 
The HMF is shown to be related to the magnetic content 
of the sample (Figure 26) by virtue of the titanomagnetite 
content being present primarily in the sink fractions. 
Since CF itself is related to H~-1F, this explains v;rhy 
sample analysis often shows CF to relate strongly to TMF. 
Looking again atFigure 25, it i.s seen that the curves form 
an exponential series. A plot of TMF-CF (Figure 27) gives 
similar trends e That t.his also applies to most borehole 
samples can be seen by plotting data from Falconer using 32 
borehole samples (Figure 28). This refutes the sugges·tion 
16 
by Watson and Falconer- that CF is directly and linearly 
related to TMF. The two authors examined data of cumulative 
mining grades which obviously covers a shorter and hence 
limited range, and this could be reasonably approximated 
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Figure 26. Relationship betwe~n HMF 
and Tl1F for Borehole 3652 
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Figure 27. Relationship between CF and TMF 
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Figure 28. Relationship between CF and Tlv1F' 
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3 .. 2 WASHABILITY CHARACTERISTICS 
Based on the data from section 3-123, washability curves 
were derived for the various size fractions and calculated 
head feeds. The curves plotted were: 
(a) specific gravity 
(b) cumulative sink - assay 
(c) cumulative float - assay 
(d) characteristic - assay 
(e) specific gravity tolerance 
Curve (a) would show the theoretical yield of a 
concentrate from the raw sand for any specific gravity of 
separation; curve (b), the theoretical magnetic content of 
the concentrate at any·given yield of concentrate; curve (c), 
the theoretical magnetic content of t~ilings at any yield of 
tailings; curve (d), the rate of change of magnetics at 
different specific gravities, steep slope represented 
relatively small magnetic differences for large differences 
in yield whereas flat slopes indicate easy separat.ion; 
curve (e), the sensitivity of the material to changes in 
specific gravity and would have application in process 
equipmen·t selection (Table 13). 
Looking at the curves derived for the various depth 
increments (Figures 29 to 32), and using the criteria 
from Table 13, there is little doubt about the amenability 
of ironsands to gravity separation. At a separating 
specific gravity above 3.5, all the increments showed 
tolerance of less than 7% and all characteristic·curves 
were characterised by gentle gradients suggesting •easiness• 
Table 13 Approximate relationship between SG tolerance, process 
applicability and difficulty of separation 
35 
I Weight % v..ri thin Degree of I Gravity process . Type 
I 2:. 0.10 gravity difficulty recommended -j 
~ separation expected (/) J:LI 
u 
' H • 
0 - 7 simple almost any process (/) :::> u 
J:LI H ' 8 
I 1--=1 
(/) (/) J:LI l iXl :8 7 - 10 m:)derately efficient process 
I 
~ ' Q ' 
8 (/) (/) 
difficult H ' p::: 
' ~ (/) J:LI 110- 15 (I) p:; iL< z difficult efficient process C9 H z z 
L H Cll 0 .:t: I - good operation 1-:l (/) u > I 
! 15 - 20 very very efficient > 
~ 
difficult process - expert 
operation 
(I) 





- expert I. process 
operation 
Above 25 formidable limited to a few .c .f.) .-1 
exceptionally I· •rl 0 I ;?; ()) H 
I 
I ,_ U} +! efficient processes U} 0 ~ 
I I ~ r-! 0 .. Q u u 
L 
I 1 - experL. opera L.J.on 1 J 
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Figure 29. Washability curv~s ·for 0;0 
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Figure 30. Wash~bility curves for 1.5 - 3o0 m 
incremen·t of Borehole 3652 
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Figure 31. Washability curves for 3.0 - 4.6 m 
increment of Borehole 3652 
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Figure 32. Washability curves for 4a6 - 6.1 m 
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of sepa~ation. Ironsands treatment can be classified as 
simple and almost any process of gravity means can be used. 
This categorisation is supported by the different gravity 
units in operation; at Waipipi, Ford, Xatal, Wright spirals 
and Wright impact trays (pilot plant stage); 'l'aha.roa, 
Reichert cone concentrators; Waikato North Headr Mineral 
Deposit spirals and also experimental work which have 
suggested tabling. 
Although mineral texture was observed to change with 
increasing depth of deposit, there appears to be little 
change in the amenability of the material towards gravity 
separation. However, some caution must be exercised in 
interpreting heavy liquid data. Heavy liquid analysis in 
a laboratory situation can be considered to be perfect 
specific gravity separation. On an industrial scale, dense 
media separation would be the closest approximation to 
a heavy liquid process. Unfortunately( the specific 
gravity of separation required, above 3.6, is beyond the 
economic and technical range of such units. The units used 
in the various processing plants in New Zealand incorporate 
an element of film sizing in the gravity separation 
process with feed conditions like pulp density and feed 
rate playing a critical role. Hence, there would be a need 
to consider the efficiencies of such units before considering 
application of heavy liquid data i.:o industrial processing. 
88. 
89. 
Using the graphical plots of Figures 29 to 32, the 
maximum ~ecoverable concentrate (56 % Fe) contents were 
estimated and tabulated in Table 14. It will be seen that 
Table 1.4. Estimated concentrate recovery from heavy 
liquid analysis 
~ 
Depth of Head feed % Cone. Separation 
increment ( m) TMF Recoverable SG required 
-. --
o.o - 1.0 0.559 60.5 3.6 
1.5 - 3.0 0.441 48.8 3.7 
3 .. 0 - 4.6 0.243 26.2 4.0 
4.6 - 6.1 0.086 9.8 4.3 
-
as the material gets leaner wi t.h depth:, so· too does the 
potential concentrate recovery. Also, the specific gravity 
of separation required to produce the desired split 
increases in order to recover less composites which combine 
with the liberated titanomagnetite to produce shipping 
grade concentrate. If the 0.0 - 1.5 metre increment were 
to be treated by! say spirals 1 58. 7 % of the material would 
be potentially recoverable as liberated titanomagnetite and 
J. 8 ;6 as composites 1 combining together to produce a 
marketable concentrate. However, if treat the 4.6 - 6.1 metres 
increment, 9.3 %of the feed recovered as liberated valuable 
mineral can combine with only another 0.5 % of feed as 
composites to achieve shipping grade. Hence, \\1hereas rnin·:>r 
composites recovery would be a2c~ptable in richer grade feeds, 
their presence would be deleterious in very low grade feeds 
and the margin of error in the separation process 1 that is, 
the tolerance allowed will have to more stringent. From 
Figure 32 1 a drop'in the specific gravity of separation from 
4.3 to 4.2 , although resulting in an increased recovery of 
conposites by only 0.5 %would result in dilution of shipping 
grade to 8 7 % TN (54 % sol Fe). It must be remembered that 
washability curves were developed for assessing amenability 
of coal towards gravity separation, and that Table 13 
although applicable in a general situation needs further 
qualification when applied to a specified case like Waipipi. 
Tolerance curves are concerned with the amount of displaced 
material, not the effect on grades and for ironsand 
assessment, an additional criterion covering the latter 
must be introduced. A form of the type given in Table 15 may 
Table 15. Hypothetical classification of treatment 
difficulty. 
Shift in concentrate 
grade with shift in 
SG of separation by 
+ 0. '1 SG units/(%TM) 
0.5 
0.5 - 1.0 













have possible application, but the values quo·ted are based 
on intuitive estimates. It is also reiterated that Table 13 
and Table 15 are based on entirely different criteria. For 
90. 
91. 
example,, looking at the 4.6 6.'1 metres sample increment, 
if it is desired to produce a concentrate (56% Fe), the 
separation would be simple according to Table 13 and a shift in 
~ 0.1 SG units would only result in misplaced grains by 
0.5 %. On the other hand, Table ·15 would suggest that grade 
achievement would be very difficult because minor dilution 
of concentrate by even 0.5 %would result in a drop in 
concentrate grade to 87 % TM. Hence, in this case, although 
a concentrate can easily be produced, consistent achievement 
of desired grade may be a problem. This suggests that 
processing circuits will have to increase in complexity 
with lower grade material. Whereas very rich material 
(example, the top increment) can possibly be concentrated 
by a single-stage gravity separation ~recess, as .the ~aterial 
gets leaner, multi-stage circuits involving combination of 
magnetic-gravity,· gravity-magnetic or all gravity units 
will have to be used with built in cleaner and/or scavenger 
loops. 
9 26 29 . 
There has been debate ' ' over the methodology 
of winning concentrate. Based on the mineralogical and 
washability data, it would appear that all gravi·ty and 
gravity-magnetic separation processes would have distinct 
advantages over a magnetic-gravity process with this 
particular sand. The high content of composites with 
trace to minor titanomagnetite inclusions can easily 
be rejec-ted by a gravity or magnetic stage whereas the 
magnetic nature of these composites would result in their 
recovery by magnetic means. The ability of the magnetic 
92. 
separator to operate at better selectivity will be discussed 
{ 
in section 5 but it would appear th~t the former two 
methodologies have a distinct advantage over the latter. 
Comparing between all-gravity and gravity-magnetic circuits, 
the former may have an advantage over thelatter in terms of 
its ability to recover oxidised liberated titanomagnetite. 
On the other hand, it may be argued that a gravity unit 
used as a conc~ntrator may have difficulty discriminating 
grains which have already been upgraded by gravity means 
and to do so may involve further cleaning and/or recleaning 
stages. An all- gr~vity circuit is at yet an unproven 
prospect and is certainly an area worthy of further 
investigation. Magnetic concentration will be able to reject 
entrained free gangue from gravity stage concentrate ~ue 
to unit inefficiency, composites with lesser'titanomagnetite 
from the liberated mineral as well as semi-oxidised composites 
from semi-oxidised titanomagnetite. The main disadvantage 
of magnetic concentration is that it would reject oxidised 
liberated material. A treatment sequence which potentially 
optimises concentrate recovery is illustrated in Figure 33. 
It must however be emphasised that this simplistic model 
will have to be adapted to suit the specific problems 
pertaining the particular deposit. 
Ra.w sand feed 
Trommel cleaning 
l 
Gravity stage----. Tailings ---
cones 







Magnetic stage - Tailings -----:-·~ Scavenger 
low intensity gravity stage 
wet magnetic spirals 
.'separation 
Concentrate (56 % Fe) 
Figure 33o Proposed methodology for optimal recovery 
of concentrate from ironsands 
93~ 
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3.3 SUMMARY OF INVESTIGATIONS 
The mineralogy of ironsands, composites type and 
distribution were investigated in this section with respect 
to assessment and processing methodology. 
The inadequacies of the CF term were highlighted in 
this section. The method of calculation of CF was shown 
to constitute an improperly balanced mass equation. A 
CF calculated from a modified formula was used and mod 
shown to be strongly related to the original value. 
Using high intensity separation to recover grains 
of low magnetic susceptibility, composites content in 
ironsands was found to be far higher than would have been 
suggested by Davis Tube separation. 'rl)ese ·composites were 
found to contain trace to minor titanomagnetite inclusions. 
Therefore, using Davis Tube analysis to define CF would 
grossly underestimate the composite problem. 
From heavy liquid analysis, the material was 
shown to be dominated by three mineralogical groupings 
constituting a liberated titanomagnetite fraction, a 
ferromagnesian fraction and a quartz-type fraction. 'Trace 
to minor titanomagnetite were dominant in the latter two 
groups. On a density basis, there would appear to be two 
specific groups, the liberated titanomagnetite fraction 
and the gangue fraction composed of quartz and ferromagnesians 
with associated composites. 
It was shown that with increasing depth of deposit, 
·the material becomes leaner in grade, which can be ascribed 
to a reduction in content of liberated titanom.agnetite. 
Also,mineral grains were roUgher in texture and well-pitted, 
the pits possibly derived from the weathering away of a 
surface coating of titanomagnetite. The younger sands 
definitely had either been through a longer weathering 
cycle than the lower increment sands or were weathered from 
the latter. Ifi~reasing CF with depth is attributed to 
reduced content of liberated · tit~nomagnetite in the 
Davis Tube concentrate. Therefore, as long as the material 
has a mineralogical distribution similar to the investigated 
samples, CF will be linked to potential concentrate and 
subsequently related to TMF. 
Having outlined the problems associated with CF, 
the writer is of the opinion that CF does not adequately 
pinpoint a composite problem and henc~ do not ge~eratF 
significantly useful information towards b~rehole assessment. 
AS such, testwork in later sections will bebasedprimarily 
on TMF as an assessment parameter. However, since the 
Davis Tube was shown to reject composites with 5 % TM 
which are primarily undesirable in a concentrate, it can 
still be used as a standard to determine gangue rejection 
ability, in other words to define a gangue entrainment 
problem. This will be discussed in later sections. 
Washability curves were derived from sink-float data 
and their general trends suggest ironsands to be highly 
amenable to gravity separation. However, some caution rriust 
be exercised in interpreting and applying such data to 
industrial applications. It was shown that since the material 
has a target marketable grade to achieve, a criterion using 
merely tolerance curves would be insufficient and that a 
95. 
further,constraint based on the allowable range of concentrate 
grade in the separation process be considered. Hence, ·although 
the material remains amenable to gravity separation as it 
becomes leaner in grade, the treatment circuit will have 
to increase in compl~xity in order to achie~e and maintain 
consistent shipping grade. Different types of treatment 
circuits were discussed and a gravity-magn~tic with a 
gravity scavenger circuit was proposed as the best methodology 
of optimising concentrate recovery. 
96. 
4.0 PLANT ASSESSMENT 
Having established the mineralogical distribution 
of ironsands, the next step was to apply this knowledge 
to processing in the Waipipi Ironsands Ltd. plant. This 
part of the research programme was approached in four 
stages: 
(a) survey of plant data from recent researchers 
(b) plant sampling survey 
(c) laboratory testwork 
(d) plant testwork 
Stage (a) generated information relating to plant 
performance and enabled better appreciation of the effect 
of certain variables on plant performance~ Stage.(b) ras 
conducted at the Waipipi Ironsands Ltd. plant. Samples 
collected were analysed with the Davis Tube, Satmagan balance 
and Clerici Solution. This stage enabled better understanding 
of response of ironsands to magnet and also gravity 
separation. Stage (c) was carried out to isolate the 
parameters which were more cri·tical to magnetic performance. 
Stage (d) followed up on the findings of stage (c). Stages 
(c) and (d) are discussed in section 5 • 
4.1 PLANT PERFORMJ-\.NCE ANALYSIS 
One of the fundamental problems of mineral dressirig 
is reconciling quantity with quality 
1 
· tha·t is 
1 
··the recovery 
vli. th grade and the same problem arises when assessing ·the 
plant•s performance. Two effiency parameters had been 
97. 
98. 
introduced by recent researchers combining these two values. 
14 Falconer· suggested the Performance Index (PI) which 
15 is based on an original derivation by Livingstbne and Lemke · • 
PI= Weight R~covery of rna~; cone~ •·grad~ of cone. 
16 Watson and Falconer postulated Magnetic Performao~e (MP). 
MP -
where 
Weight Recovery improvement in grade 
of mag .. cone. 
(c - f) rm - f) 
* minimal desired improvement 
c is concentrate weight recovery 
F 
c is concentrate grade 
f is· feed grade 
m is minimal concentrate grade = 45 % sol. Fe 
= 72.0 % TM 
The effect of head feed TMF on PI and MP is illustrated 
by Figures 34 and 35. Whereas PI merely considers th:e 
product of concentrate grade and weight recovery, MP 
relates the grade recovered to the feed and the minimal 
desired value. It hence appears ·that MP has better relevance 
as an efficiency parameter and it will be shown in section 5 
that it can be usefully applied to the plant's magnet 
stage performance. The points for Figures 34 and 35 had· 
been derived over a wide range of feed rates and probably 
feed densities implying that these have little effect on 
magnetic separation under normal runninJ conjitions. The 
head feeds dictate the amount recoverable by the magnet 
separators and to recover more p~r·tonne of feed, the plant 
will have to win higher grade material. One option is to 
operate at a shallower mining depth but against 
































Figure 34. Plot of PI vs head 
14 
feed TMF 
-4------~-----------r I I I 








0 50.0 s:: 
nl 
E 




cc = 0.958 
0... 30.0 
0 t ..... ~ 20.0 ~ )( Dredge 1 
~ 10.0 1 0 
. J 
Dredge 2 
0.24 0.32 0.40 
TMF (Mag. head feed). 
16.0 24.0 
cc = 0.958 
x Dredge 1 
o Dredge 2 
32.0 40.0 
Sol. Fe (Mag. head feed) 




operating depth of 4.8 metres. Also, the 1oss of revenue 
that arises out of neglecting lower grade material which is 
potentially recoverable has to be considered. 
The relevance of the magnetic separator performance 
to spiral concentration is illustrated by Figure 36. This 
shm..;rs that two factors affec·t spiral performance, the spiral 
feed (magnet concentrate) grade and feed loading~ The 
spirals appeared to reach their maximum capacity below 
1 ton per hour per spiral and were subjected to higher 
loadings at lower grades. With low feed grades, when the 
spirals should ideally be handling low tonnages to achieve 
higher recoveries, the plant has increased the feed rate 
to produce .desired tonnage at the expense of recovery. This 
problem arises because of contract commitments which; 
require sufficient concent.rate tonnage to be stockpiled 
over the production period to load the bulk-ore carriers 
which are due monthly. 
ways: 
Improving spiral performance was approached in two 
(a) tuning the magnetic separator to achieve 
better upgrading - investigated by the writer. 
(b) looking at an alternative spiral design 
- investigated by the company. 
Xatal spirals replaced the worn Ford spirals, and recently, 
Wright spirals specially designed for ironsand treatment 
were installed. These have higher pitch, superior 
cross-sectional launder design, better·wash-water and 
concentrate withdrawal facilities. The improvement in recovery 









Figure 36. Performance analysis of Xatal 
90 ~ and Ford spirals - March to 
October 1978 
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37. Performance analysis 
of Wright spirals -
January 1980 
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to be less sensitive to feed loading judging from the 
relatively gentler gradients of the trend lines drawn 
through the scatter points. However, spiral performance 
is still adversely affected by lower feed grades and higher 
feed loadings 1 and it hence appears that spirals can 
only perform as well as provided by the feed. To enable 
them to do better, the feed will. have to be better sorted 
and of a higher grade. This emphasised the need for 
the magnetic separator to be tuned to achieve a more 
acceptable product (above 45 % sol. Fe) and at the same 
time reject a higher percentage of undesirable gangue 
hence reducing the load on the spirals. 
4.2 PLANT SAMPLING SURVEY 
The survey.was conducted on the 26 June 1979. Samples 
were taken from one double-drum magnetic separator and from 
one bank of Xatal spirals over a one hour period when the 
plant was running smoothly. Three sets were collected, bulked, 
decanted and grab samples of about 2 kilogrammes were 
recovered. Split portions of 100 grams were left at th~ 
plant's laboratory for soluble iron analysis while the remainder 
was analysed by the writer. These in~luded ~izing, Satmagan, 
Davis Tube and Heavy liquids testwork. With the latter, 
sized products were sink-floated at specific gravity of 4.6 
to determine HMF of these samples. For spiral products, 
sink-floating was conducted over the entire specific gravity 
range from 3.2 to 4.6 to establish washability characteristics. 
The scheme for sample generation for the above mentioned 
'104. 
105. 
testwork is illustrated by Figure 38. 
Sample ( 2 kg) 
Sizing 
Analysis (250 gm) 
Head 
Assay (2 gm) 
Davis Tube 
Test (25 gm) 
I 
.J.. 
Heavy Liquid--- ~alcula ted 
Analysis (30 gm) Head 
Assay 
Figure 38. Sample generation for testwork 
Mass distributionsfor the plant are presented in Table 16. 
The magnetic concentrate and spiral feed grades are slightly 
different due to sampling problems in trying to relate 
the concentrate from one magnetic separator out of a total 
of sixteen units to the feed to one bank of spirals out of 
fourteen banks. 
A size by size analysis of concentrate recovery is 
presented in Table 17 and illustrated by Figure 39. The 
significance of sizing in the upgrading sequence is obvious 
and can be clearly illustrated by Figure 40. Because of 
increasing liberation towards the finer range
1 
progressive 
upgrading resulted in an increasingly fine product. 
'I 06. 
Table,16~ Mass distribution of products from plant 
sampling run based on calculated grades 
Sample % TM ol 7o .sol. Fe Hass distribution 
based on 'I'M 
recovery --
Mag. feed 30.0 18.,8 100 .. 0 
P-rim •. drum .cone. 64.6 40.8 41 .. 8 
Sec. drum cone. 68.5 43.4 39o2 
Prim. drum tail 5.1 5.8 58.2 
Se.c~ drum tail 7.2 6.8 2.6 
' 
Spiral feed 66.1 42.7 39c2 
1 
Spiral concentrate 88.8 55.1 1~L8. 
Spiral tailings 42.9 26.5 19.4 
107. 
Table 174 Size by size analysis of plant samples 
(a) Primary magnetic separation 
,' I -cone. -~im. I Mesh Mag. feed Prim. tail 
r--' 
%TMT%";t. BSS % wt. %TM % wt. % 'l'M 
i 
36 5 .1. 4.3 3.3 13.8 9.6 2.6 
52 13.8 5.4 8.7 20.9 18.6 1.9 
72 35.2 12.8 25.8 40.2 40.8 2.7 
100 28.5 37.4 34.6 74.0 20.3 5.3 
'150 14.1 82.4 2 3. 6 96.0 9.4 19.8 
200 2.4 83.0 3.2 98.2 0.9 43.7 
pan 0.9 31.0 0.8 69.8 0.4 38.8 
Cal. 
feed 100.0 30.0 100.0 64.6 100.0 5.1 
1--· c Assayed feed 28.4 63.3 l 4.7 
(b) Secondary magnetic separ~tion 
Hesh Prim. cone. Sec. cone. Sec. tail 
BSS % wt. %- TM % wt~ % TM % wt. % TM 
36 3.3 13.8 2.2 13.8 11.0 2.8 
52 8.7 20.9 6.5 21.4 22.5 2.8 
72 25.8 40.2 22.7 39.4 37.9 3.3 
100 34.6 74.0 36.3 75.5 21.9 10.7 
150 2 3. 6 96.0 27.4 94.5 5.3 43 .1_ 
200 3.2 98.2 3.9 i 97.6 0.8 39.8 
pan 0.8 69.8 1.0 73.7 0.6 16.5 
- .. ~ 
Cal. 
feed 100.0 64.6 100.0 68.5 •100. 0 7. 2 




(c) Spiral separation 
r 
. 
Mesh Spiral feed Spiral cone • Spiral tail 
. - -
BSS % wt. % TM % wt. % TM % wt. % TM 
36 3.5 14.7 0.4 63.0 6.4 12.8 
52 7.6 24.8 2.0 67.9 15.8 18.9 
72 30.0 42.5 16.9 71.9 37.8 32.5 
100 33.6 79.5 39.6 88.2 27.1 56.8 
150 21.4 95.6 34.5 97.3 9.9 88.8 
200 3.1 97.1 5.8 100.0 2.0 93.9 
pan 0.8 88.3 0.8 92. '1 1.0 78.8 -Cal. 
feed 1.00.0 66.1 100.0 88.8 100.0 42.9 
Assayed 66.5 88.3 42.5 
feed 
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Since the concentrate was essentially distributed 
between 52 and 200 mesh BSS, a size split at the former 
screen aperture would have resulted in low losses of 
liberated material but a better sorted feed with considerable 
reduction in composites content. Table 18 gives the HMF of 
the various plant products and suggests that only 2.6 % of 
the plus 52 mesh fraction of the plant feed is liberated~ 
However, screening at this size range would be uneconomical 
and inefficient with conventional screens. Testwork was 
conducted on screening spiral·tailings with a Dutch States 
Mine (DSM) - type screen by the writer in an earlier 
. 27 b . f d h . . ] proJect ut lt was oun t at gangue entralnment, partlC .e 
shape and specifib gravity differences between the liberated 
titanomagnetite and gangue material resulted in poorly 
defined size splits. However, spiral tailings contain 
considerably higher proportion of composites and response 
of plant feed may be different. 
The TMF-HMF plots of upgraded sand based on data 
in Tables 17 and 18 are displaced from the natural sand 
) plot established earlier (Figure 41). Interestingly, the 
plot of magnetic feed data points fall into the latter 
category showing this material to be similar in nature to 
the borehole sample investigated. The displaced plots may 
be attributed to loss of oxidised non-magnetic titanhematite 
to the tailings in the magnet separation stage. That this 
is indeed the case can be seen by the plot of magnet 
tailings which is displaced in an opposite direction. 
Looking a'c the units themselves, th.:; primary drum 
is performing satisfactorily by rejecting 58.2 % of the feed 
'1.12. 
Table.18. HMF* of various plant products 
--
%w~:TMin Mesh % wt. % HM % TM in 
BSS HMF HMF 
- Mag. feed ·prim. drum cone. - -
52 18.9 2.6 87.4 12.0 14.0 94.6 
72 35.2 11.9 91.9 25.8 35.1 91.0 
'100 28.5 38.6 91.9 34.6 71.4 97.0 
150 14.1 81.7 97.3 23.6 97.0 97.0 
-150 3.3 81.7 97.3 4.0 97.0 97.0 
feed 100.0 29.9 94 .. 4 100.0 62.2 96.1 
Prim. drum tail Sec. drum tail --- -r 
52 28.2 0.2 ND 33~5 0.4 ND 
72 40.8 2.2 ND 37.9 2.p NO 
100 20.3 6.2 63.0 21.9 10.4 75.8 
150 9.4 38.3 72 .1 5.3 48.8 82.9 
-150 1.3 38.3 72.1 1.4 48.8 82.9 
Feed 100.0 6.3 ND 100.0 6.6 ND 
-
Spiral feed ! Spiral cone. Spiral tail 
Mesh % wt. % HM % TM % wt .. o' , 7o HM % TM , % wt .. %.HM % TM .. . . 
BSS in in in 
HMF HMF 
52 11.1 13.4 93.7 2.4 66.4 97.3 22.1 10.7 
72 30.0 38.6 91.9 16.9 69.0 97.7 37.9 27.5 94.6 . :~
100 33.6 74.4 97.3 39.6 87.3 96.4 21.1 53.1 ·97. 3 
95.51 150 21 .• 4 95.3 97.3 34.5 96.9 99.5 9.9 90.1 
-150. 3.9 95.3 97.3 6.6 96.9 99.5 3.0 90.1 
I 
. 
Feed 'J.OO. 0 62.2 l 96;~2 100.0 87~7.9 'J.OO. 0 38.8 -·---·------ -
• HMF of -150 mesh fraction assumed equal to -100+150 mesh 





Figure 41. Relationship between HMF and 
HivJ:F 
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For upgraded sand, 
HMF = 1.08 TMF - 0.079 
cc = 0.999 
Oo20 
For mag. tail, 
HMF ~ 1.27 TMF - 0.007 
OoO •- fC = 0. 952 
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as tailings of which 7.1 %is liberated HM. From Table 18 
' I 
such losses are mainly in the minus 100 mesh fraction and 
support a general consensus among the company•s technical 
personnel that losses to tailings are mainly in the fines 
range. Satmagan analysis of HM revea].ed a· significantly 
lower magnetic content, 72 % TM compared to 95 % TM in normal 
liberated sand and suggest that some losses may be 
attributed to presence of oxidised non-magnetic titanhematite. 
Davis Tube analysis (Table 19) of the primary concentrate 
showed that entrained gangue constituted 28.1 % of the 
product. This reduced to 20.4 % of the product after further 
upgrading by the secondary drum. The import~nce of achieving a 
high grade:magnetic concentrate has already been emphasised. 
While the primary drum was rejecting 58.2 % of the feed and 
retaining 28.1 % of the gangue, the secondary drum 
was rejecting only 6.3% of its feed (primary ~rum concentrate) 
yet retaining 20.4 % gangue. L~berated HM constituted 6.6 % 
of the secondary magnet tailings and was again confined 
mainly to the minus 100 mesh fraction suggesting relatively 
poor magnet selectivity in this size range. Although the 
secondary drum is treating a product which has already 
been magnetically upgraded, its performance can· possibly 
be improved to reject composites with trace to minor 
titanomagnetite, particularly trace-type composites, hence 
resulting in recovery of a higher grade spiral feed with also 
lower loading on the spiral unit. This is an area which 
will be investigated in section 5. 
The sampling run took place during a period of low 
feed rate, approximately 800 tons per hour (compared to normal 
'114. 
1. j 5. 
Table 19. Magnetic analyses of plant products 
Samples 
l---·-- --
% 'fM 0/ AM % Gangue entrained JO 
·---
Mag. feed 30.0 32.4 67.6 
Prim. drum c one. 64.6 71.9 28&1 
Sec. drum c one. 68.5 79.6 20.4 
Prim •.. drum c one. 5.1 1.3 98.7 
Sec. drum t ail 7.2 3.9 96.1 
Spiral feed 66.1 78,..1 2'.L. 9 
.• 
Spiral cone. 88 .. 8 94.4 . 5. 6 
Spiral tail 42.9 58.9 41.1· ! 
1600 tons per hour) and this was reflected in improved 
spiral performance. Tne spiral tailings assayed 42.5 % TM 
(26.5% sol. Fe), this value can reach up to 40% sol. Fe 
at high values, and from heavy liquid analysis, its HM content 
is 38.8 % suggesting the need for a further treatment stage 
in the plant. Significantly, this tailings grade is similar 
to that rejected by recently installed Wright spirals vlhen 
run under normal plant feed rates clearly showing the 
ability of the latter to handle higher feed loadings. 
To study amenability to gravity treatment, washability 
curves based on heavy liquid analysis of sized fractions 
of spiral feed and products were plotted (Figures 42' to 45 
from Tables 20 to 23 in Appendix 8.3) • Assuming the minus 
150 mesh fraction to have similar mineralogy to the m}nus 
100 plus 150 mesh fraction enabled head calculation of 
\vliole samples. Looking at the \vasha.bili ty curves derived 
for the calculated plant feed (Figure 47 plotted from •rable 24), 
these are similar in nature to the ones derived for BH 3652 
although they are from different mining localities.· Above a 
separating specific gravity of 4.0, the feed and size 
fraction curves showed tolerance of less than 7 % and all 
characteristic curves had gentle'gradients suggesting 
easiness of separation. However, as had been expressed 
before, where grade achievement is a critical criterion, 
there must be caution in direct application of such data 
to the plant spirals. 
From the cumulative sink curve in Figure 4 7, concen·tra te · 
(56 %Fe) recoverable amounted to 32.2 %of the feed. This 
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1. Specific gravity 
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4. Characteristic assay 






separation of 4.06 which unfortunately is beyond the range 
of dense media separation. The spiral splitters would have 
to be adjusted to make a fine cut with resultant high losses 
to the tailings. Hence, a single stage gravity process 
would not produce a marketable concentrate from thi~ material 
at acceptable recoveries. Comparing the recovery by the.plant 
and the estimated maximum recovery, the Waipipi Ironsands 
Ltd. plant is operating at 61.5 % recovery efficiency. 
Up to 70 ·% of the spiral feed was potentially 
recoverable (Figure 48), this at a specific gravity of 
3.66 which is within the operational range of spirals. 
The + 0.10 SG tolerance curve shows a tolerance of 2 % 
giving a spread in concentrate grade of 4 % TM \vhich means 
I 
that a shift in the specific gravity of separation o£ 
+ 0.1 units would result in a concentrate assaying 88 to 92 % 
TM (55 to 57% sol. Fe). A shift towards the smaller value 
is often noticed with high feed rates with the converse 
happening at low feed rates. From discussions with the 
company's technical personnel, such a spread is not 
tolerated for contract reasons and shows that although a 
concentrate can easily be produced by gravity means, there 
is still a need to improve the efficiency of the gr~vity 
unit to produce a consistent grade concentrate. Comparing 
the spiral and estimated maximum recovery, the Xatal 
spirals are operating at 72 % recov~ry efficiency. 
Looking at the spiral tailings (Figure 4~), up to 
44 % is still recoverable as concentrate. Such a grade is 
low compared to normal Xatal tailings but similar to Wright 


















Figure 48. Washability curves of 
spiral fe·2d 
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Figure 49. Washability curves of 
spiral tailings 
Specific gravity 
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had been achieved in a laboratory situation at comparable 
( 
feed rates using such spiral units, a grade better than 
20 % sol. Fe has never been achieved in a plant situation. 
Ot:her factors like spiral wear, load fluctuations, density 
fluctuations, inconsistent water addition, port blockages, 
magnetic flocculation, etc. must be responsible for this 
inefficiency. This is seen by looking at the distribution 
curves for the various size fractions (Figure 50 from Tables 
25 and 26 in Appendix') which lacked separation sharpness. 
There is definitely a need to conduct-a detailed study of 
·all"variables to isolate the problem areas. 
Microscopic studies of the spiral feed and tailings 
revealed a significant proportion of composites·with 
fairly high titanomagnetite content (up to 30 %'by volume) 
in addition to trace and· minor titanomagnetite composites. 
Plates 8 and 9 show photomicrographs of plant feed and products 
illustrating some of the problems raised. A large per~entage 
of the higher grade composites also had quartz as the occluding 
host grain which explains why they report mainly to the 
light fraction. The presence of composites with trace, minor 
·and high ti.tanomagnetite content probably explainswhy 
middling retreatment at Waipipi with spiral middlings r~cycl~d 
back·. to magne-tic separators was largely unsuccessfulc 
Retreatment by gravity means would be the obvious answer 
and from washability curves, the separation can be considered 
as simple but with the same reservation as had been expressed 
for the spiral feed. It would hence appear that for some as 
as yet unexplained reason, a single gravity treatment stage 

















Figure 50~ Distribution curves 
for Xatal spirals 
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PLATE 8 . 
A . Plant feed showing quart z ( v itr eo u s a p pear a nce 
with microfractur es ), augit e (p a l e gree n) and 
liberated titanomagn e tit e ( o paqu e ). ( x ' 00) 
B. Spiral f e ed showing magnetically flo cc ulat ec' 
tita nomagne ti te. Thi s ma y b e a co ntri b ut i ng 









PLATE 9 . 
Spira l tai lings s h owi n g co mp os ites wi t h r e l ~tive l y 
hi g h tita n o mag n e tit e co nt e nt ( 10 - ', 0 ;!, by v o !IJIT\ c: ) 
a n d liberated t i ta n o magn e t i t e . ( x I 00 ) 
Sp i ral c o nce nt ra t e s h owi n g ma inl y li be r a t e d 
t itan o mag n etite a nd some c o mpo sites wi t h tr ace to 
mi nor titanomagnetit e co n t e n t . Ex cess ive r ecove ry 
of these co mpos it e s in ma g n e ti c se p a r ation c r e at es 
a load proble m in spiral s . ( x 52 ) 
I~ 4 • 
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that with present running conditions a further scavenger 
r 
stage is required. It should als·o be mentioned that the 
company's treatment circuit, except for one attempt to 
introduce middling retreatment mentioned above , has remained 
essentially unchanged since mining operations cbmmenced 
in 1971 and is in fact the simplest of all processing 
circuits treating ironsands in New Zealand (Figure 3). 
Although each mining deposit has its own specific mineralogical 
problems in terms of grade, composites and associated 
deleterious material, in the light of this mineralogical study 1 
the Waipipi ironsands can certainly be more effectively 
recovered. 
4.3 SUMMARY OF INVES'I'IGATIONS 
Analysis of plant data showed an overall better 
·magnetic separator performance with higher grade material. 
The relevance of this in terms of the grade of magnet 
concentrate and spiral loading was shown. The analysis 
suggested that improved feed preparation by magnetic separation 
and improved spiral design would result in better overall 
spiral performance. 
As a forerunner to an intensive plant testwork 
programme, a sampling run was conducted at the Waipipi 
Ironsands Ltd. plant to isolate areas for further investigation. 
Washability studies of the plant feed showed the material 
to be similar in nature to the borehole sample BH3652 
investigated earlier although ·the mining localities were 
different. This material was considered to be highly 
amenable to gravity treatment. Although 32.2 %of this 
']2 6. 
material was potentially recoverable as concentrate, 
I 
only i9.8 % was recovered giving ·an overall plant ~fficiency 
of 61.5 %. Losses in liberated material due to presence of 
ti tanhemati te in the order of 6. 5 % was det.ected in 'the 
magnet stage circuit. The secondary drum was found to be 
performing at relatively poor selectivity compared with 
the primary drum. 70 % of spiral feed was considered 
recoverable but only 50.4 % was recover~d giving a spiral 
recovery efficiency of 72 %. The grade of spiral tailings 
achiev~d from Xatal spirals during a period of low feed 
rate was comparable to Wright spiral tailings when the latter 
was handling normal loading conditions and clearly showed 
I• 
the marked improvement in metallurgical performance due 
to spiral design. Even then 1 heavy liquid analysis svggested 
that 44% of the spiral·tailing~ were potentially recoverable 
as concentrate clearly emphasising the need for a scavenger 
stage in the treatment plant. 
127. 
5. MAGHETIC SEPJI ... RATOR TESTVWRK 
5.1 LABORATORY TESTWORK 
A detailed description of the laboratory Sala low 
intensity wet magnetic drum separator (Figure 51) is given by 
- 28 
Reynolds· who investigated the effects of several variables on 
[• 
magnetic separation with Waipipi ironsands. These· included 
magnetic field intensity, pulp density, drum speed and 
drum clearance. His findings suggested that reducing 
field intensity, increasing drum speed and drum clearance 
would result in improved upgrading. The effect-of feed 
loading and field intensity was studied by Hiew29whose 
findings supported Reynold's contention that a lower field 
intensity would recover .higher grade concentrate and showed 
also that high feed loadings similarly produces better grade 
material. Since feed conditions were the primary variables 
in the normal running of the plant, these were further 
investigated by the writer. 
The findings of both researchers tended to be based 
on calculated feed grades which did not balance wi t:h the 
assayed values. This could be attributed to a number of 
reasons: 
(a) segr·egation \vi thin the pump sump in the 
test circuit. 
(b) sampling problems relating to recovery 
~ of product from a circulating feed which 
obviously gets depleted with each sample 
withdrawal. 
(c) size reduction of circulating material 
by the pump. 
To circumvent these problems, the set-up illustrated 
in Figure 52 was used in this testwork. This enabled 
separate: control of solids feed rate, water addition rate, 
obliviate the need for a slurry pump and also enabled 
complete recovery of the separated products hence reducing 
sampling problems and allowing calculations to be based 
on a measured, not calculated weight recovery. 
The materials chosen for investigation were from 
three ran~omly selected borehole samples. The top two 
increments from each were bulked and mixed thoroughly to 
form a high grade feed to the separator. The scheme for 
sample generation is shown in Figure 53. 
The required pulp density >vas built up by throttling 
the water pump to give the desired make-up water. The pulp 
was gravitated to the separator with the drum running at 
80 revolutions per minute (RPM) and at full magnet strength 
of 1000 gauss at the drum surface. The products recovered 
were decanted, dried in an air oven at 105°C, weighed and 
riffled to a suitable size for Davis Tube and Satmagan 
analyses. The tests were repeated at different feed rates. 
On completion of this series of testwork, progressively 
more increments were added from the borehole samples and 
the entire testwork repeated. This method hence simulated 









Figure 51. Laboratory single drum 
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1 .. Trough 2o Variable speed electric motor 3Q Drive pulley 
4. Drum 5. Rubber scraper 6. Level weir 7. Tailings 
discharge 8. Feed box 9. Concentrate discharge 
10. Adjustable V-belt 
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The results presented in Table 27 and illustrated 
by Figure 54 show the effect of solids'feed loading on 
magnetic separ~tion~ The range of feed rates 7 to 32 US GPM/FT 
was well below plant conditions of 80 to '120 US GPM/FT 
due to.the small capacity of the laboratory unit. The effect 
of feed rate ori concentrate grade was minimal except at 
low feed values. Reviewing Hiew's findings, these appeared 
to be compatible. Weight recovery dropped slightly but 
steadily with increasing feed rate and was due to increase 
in tailings losses. Davis Tube analysis (Table 27) of these 
revealed losses of the order of up to 3 % magnetics. 
The magnetic separator performance appeared to 
depend on the feed grade. The higher the latter value, 
the higher the weight recovery and concentrate grade.! 
This is clearly illustrated by Figures 54 and 55. There 
appeared to be increased gangue entrainment with leaner 
feeds. This observation is in line with mineralogical studies 
\vhich had shown increased gangue (including trace and 
minor titanomagnetite composites) in leaner material. 
The effect of pulp density on magnetic separation is 
illustrated by Figure 56. The increase in weight recovery 
and a corresponding decrease in concentrate grade could 
only have been due to increased gangue entrainment. This 
was confirmed by Davis Tube analysis (Table 28). 
The tes·t\vork hence suggested gangue entrainment. to 
be the major problem contributing to lowering of concentrate 
g~ades. Such a problem can be controlled by operating the 
separator on low feed densities or on higher grade feeds. 
132. 
'133~ 
Table 27a~ Effect of feed rate on laboratory magnetic -~--· separa ... 1on 
--·- ·-----~---~ 
Feed rate % wt. Cone. Tail Feed %Gangue*· 
(kg/min) recov. (% TM) (% TM) (% TM) entrained 
Head feed 41.5 O/ TM /0 
2 48e4 86.5 1.3 42.5 6.2 
3 45.7 88.6 1.3 41.3 6,7 
5 46.5 86.5 1.6 41. 1 7.3 
~ 7 44.1 86.5 6.3 41.6 9.4 
9 45.0 85.6 4.1 40.7 8.5 
Head feed - 32.5 % TM 
2 40.2 78.4 1.3 32.3 17~0 
3 37.4 83.8 1.3 32.2 7.5 
4 36.9 84.7 1.8 32.4 9.6 
5 38.6 85.2 1.6 33.9 9.3 
> 7 36.0 84.7 2.5 32.1 8.5 
~' 9 34.3 85.6 3.6 31.7 8.9 
Head feed 2 3. 6 0/ TM /<) 
2 30.4 74.1 1.4 2 3. 6 13.0 
3 30.7 71.2 1.3 22.7 15.4 
'.> 4 29.4 75.0 1.6 2 3. 2 14.0 
·5 28.5 78.9 1.8 23.8 10.4 
7 25.9 78.6 4.5 23.6 12.7 
9 25.7 79.1 5.0 24.1 11.5 
Head feed = 18.5 % TM 
2 24.7 69.0 1.8 18.4 20.9 
3 23.8 74.8 1.6 19.1 12.6 
4 23.6 71.2 1.6 18.0 13.4 
7 20.2 76.0 2.9 17.7 14.1 
9 20.6 75.0 4.1 18.7 14.3 
Head feed 15.8 % TM 
') 21.9 66.7 1.4 15.7 14.8 <.. 
> 3 21.6 69.2 1.4 1.6. 0 18.7 
5 21.3 71.4 1.6 16.5 16.5 
7 17.0 75.0 3.6 15.7 14.5 
9 18.7 70.3 2.9 15.5 16.3 
L__ ______ 
--·---~-
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Figure 55. Effect of head feed TMF 
on weight recovery 
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~igure 56. Effect of pulp density 
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5.2 PLANT TESTWORK ---·--------( 
A two month's test programme was conducted at the Waipipi 
Ironsands Ltd. plant to verify the writer's findings on 
mineralogical characteristics of ironsands and their effect 
on magnetic separation. There were a number of problems 
when trying to conduct testwork on a plant scale: 
(a) the time factor - modifications to the 
magnetic separator were carried out by plant 
fitters which depended on their availability. 
Due to the writer's limited time at the plant, 
only a limited range of variables could be tested. 
i> 
(b) the economic factor - modifications to the 
magnetic separator involved considerable 
expenditure vlhich placed a constraint on 
the range and type of testwork. 
(c) the physical factor - considering the size 
of a magnetic drum which is 8 feet· by 2.5 feet 
( 2.4 x 0.8 metres ), even minor adjustments 
take considerable time. 
(d) plant downtime - the sampling could only be 
carried out when the plant was running smoothly 
with steady density and feed rate. Many sampling 
runs were aborted because of sudden stoppages 
or because of fluctuations ·in feed conditions. 
In spite of these problems, a reasonably comprehensive 
test-programme was planned and completed within the 




(a) pulp density 
(b) feed rate 
(c) magnetic field intensity 
(d) magnetic drum speed 
(e) magnetic drum gap clearance 
5.21 Descr~Etion of M~etic Separator and Operatinq 
Characteristics 
5.211 Description 
The double drum separator consists of two cylindrical 
stainless steel non-magnetic drums rotating around parallel 
fixed magnet assemblies ~n specially designed tanks which 
have tailings and concentrate discharge facilities (Figures 
57 and 58). 
The magnet assembly is held in a fixed position by 
clamp bearings and consists of a series of permanent magnet 
poles made from Erium 25 barium ferrite-type material. The 
primary drum has eight poles rated at 600 Gaus~ 2 inches 
from the surface and the secondary drum has eleven poles rated 
at 350 Gauss. The poles are -held in -protective-s-tain-less_s_tee.l------
cannisters spaced 0.13 inch apart with a clearance of 
0 .1.3 inch from the drum shell. The 8 feet by 2. 5 feet cy].indrical 
shell mounted on a non-magnetic stainless steel drum head is 
driven around the fixed magnet assembly at 22 RPM by a 
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Figure 57. Operating principle of 
double drum wet magnetic 
separator 
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Figure 58. Sketch of separator tank showing 










The entire assembly: sits in a tank specially designed 
to facilitate recovery of magnetics. The feed end of the tank 
has a shallow trough which collects the feed pulp and 
directs the solids towards the drum {Figure 59). The 
tailings launder has spigot discharges and rubber plates 
at the top of the launder sides can be adjusted to make the 
·desired split of the collected pulp. The concentrate pan 
is shaped to conform to the surface of the drum and enables 
compression and dewatering of the concentrate prior to 
discharge. 
5.212 Operation 
Feed slurry is gravitated from a distributor by three 
I 
8-inch diameter rubber hosing to the feed box which has 
eight baffle feed slots to spread the feed evenly across the 
drum width. The pulp drops into the tank trough and is 
forced up the threshold which directs the flow against 
the drum (Figure 59). Magnetic particles are attracted to 
the drum surface and are conveyed to the discharge end. 
Non-magnetic particles and weakly magnetic material drop 
from the collected pulp as it passes over the tailings 
launder and are discharged to the tailings. The magnetic 
concentrate is compressed and dewatered as it passes over 
the concentrate pan. As it leaves the zone of influence of 
the magnet assembly, it peels off from the drum and drops 
into the secondary drum separator tank. Make-up water is 
added by means of water sprays to wash the primary magnet 







Operating principle of wet magnetic separation 
143. 
144~ 
and also to maintain a constant pulp l~vel in the secondary 
tank. 
The secondary magnet concentrate drops into a 
launder and is gravitated to the spiral feed bin v.rhere 
repulping water is added and the slurry pumped for gravity 
treatment. Secondary magnet tailings discharge into the 
tailings launder and are gravitated to the tailings bin. 
5.22 Procedural Set-up 
Due to obvious difficulties in estimating flow 
tonnages coming through three ~ep~rata feed hosing~ to 
the feed box, one pipe was used for testwork and the volume 
of tank fed by this was partitioned and taken to represent 
I 
the entire separator. Several types of parti·tioning niaterial 
were considered; stainless steel, rubber, wood. The last 
was chosen because it was non-magnetic, sturdy, cheap, 
vwuld not cause severe damage to the separator in case of 
malalignment and was readily available. Wooden boards were 
wedged into the two tanks to partition a third of the 
separator and although there were occasional spillages 
when operating at high feed loadings, this set-up was 
generally satisfactory. A valving system was installed at 
the feed line to control feed rate with a by-pass line 
to a 200 litres drum for flow measurements (Figure 60). 
The plant survey had already shown the secondary 
drum to be performing i?ade~lat~ly and modifications 
like changing field intensity, drum clearance and drum 
speed were confined to the secondary drum. 
v \• 
" ' v v '{ ;, v '( 
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Distributor 
·---·---~Main control valve 
12:1 Feed valve 
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In a plant sampling programme, sampling is always a 
problem especially when trying to relate discrete small 
samples to represent large continuous mass flows. It will 
be seen that this problem manifests itself in the wide 
scatter of points which renders analysis based on a 
mathematical approach such as regression analysis difficult. 
Because of variations in feed grades, the actual number of 
data points that can be grouped under any particular head 
feed is smaller than desired. The Pearson correlation 
coefficient32 (discussed in Appendix 8.7) is used to quantify 
the relationship between any two measured variables and its 
statistical significance checked by determining the 
level of significance (Table 71 in Appendix 8.7). Much of the 
analysis in this sub-section is based on one or two head 
feed groupings (to eliminate effect of grade fluctuations) 
whilst the entire data set is presented in Tables 29 to 67 
in the Appendix. 
5.231 Pulp density 
The density setting at the plant's control panel·was 
checked and v-1as found to represent the solids density by 
volum~. The method of checking was to divert flow going to 
the parti ·tioned test-magnet separator to a 2 00 li tres drum· 
and measure the height of pulp and settled solids (Appendix 8.5). 
Assumptions were made as to the moisture content of the 
settled solids, which was taken to be 10 % and the specific 




F~ed density was varied by adjusting the control panel 
settings and samples wer:e taken \vhen the chart recorder 
suggested a steady output These samples were analysed 
by the Bison meter which gave an initial indication of 
the separator's performance. At the end of the sampling run, 
magnetic concentrates from both drums were again collected 
and checked by the Bison meter to ensure that a constant 
grade product had been recovered by the drums throughout 
the sampling run. If there appeared to be inconsistent 
re.sul ts, the separator feed grade and feed density were 
checked. Erratic fluctuations-resulted in several sampling 
runs being aborted. This method of sampling was used 
throughout the test-programme. The Bison meter was found 
to be an extremely useful tool in checking steady state 
conditions and in giving quick appraisal of drum performance. 
Unfortunately, the writer found poor reproducibility with 
higher grade material • If Bison meter technique can be 
perfected, then it may supersede Satmagan or sol. Fe analysis 
as an analytical tool. 
Figure 61 shows the effect of pulp density on 
primary drum performance. Data points for the plots·are 
from Tables 29 to 67. The lines drawn through the scatter 
147. 
points have been derived from regression analysis, least squares 
estimates.· Data points were analysed within the density 
groupings of 20 to 30 %, 30 to 40% and 40 to 50% solids'by· 
volume respectively. Table 68 gives the equations derived 
from regression analysis. Unfortunately, due to the small 
number of data points 1 some of the equations are not 
statistically significant. 
148e 
Table 68. Regression equations for magnetic separator analysis 
and their levels of significance 
(a) Pulp density 
r % solids Regression equation Corr. Data Level of 
I 
r-
by vol. coef •· points signifance 
I . ( i') _Primary drum separation 
Head feed = 35.0 + 2.0 % TM -
20 - 30 G "' -L42 s + 105.6 -0.9'1 8 ··-· _ <o. 01 
WR ::: 0.93 s + ~ 2 5. 2 0.83 8 0.01 -0.02 
30 - 40 G ·- --0. 12 s + 66.8 -0.25 12 )0.10 
WR = 0.37 s + 41.7 o. 53 12 0.05 - 0.10 
40 - 50 G - -2.38 s + '157.4 --0.96 5 <0.01 
vlR "' 2.27 s - 34.4 0.91 5 Oo02 0.05 I Head feed 31.0 + 2,0 % 'I'M -- -
20 - 30 G ::: -1.08 s + 94.5 -0.61 4 )0.'10 
WR -·· . 0.26 s + 37e3 0~ 18. 4 )0~10 
30 - 40 G = -0 57 s + 81.0 -0.75 4 )0. 1.0 
WR 0.41 s + 31.5 0.48 4 )0.10 
40 - 50 G - -0.85 s + 92.2 -0.86 7 0.01 - 0.02 
WR 1.34 s - 6.2 0.88 7 )0.10 
(ii) Overall magnetic separation 
Head feed = 35.0 + 2.0 % TM 
<40 G -- -0.37 s + 92.5 -0.49 7 )o. 1.0 
WR 0.23 s + 34.4 0.52 7 )0.10 
Head feed =: 31.. 0 + 2.0 % T'M ----
{40 G - -0.13 s -\. 75.7 --0.49 4 )0.10 
I WR - 0.15 s + 33.9 0.84 4 > 0. 10 
t~ 
50 G - -1.01 s + 1'10.0 -0.79 7 0.02 0.05 
WR 0.65 s + 1.3. 6 0.86 
..., 
0.01 0.02 I 
I ... -......-..-~--........... -----~ ... -------·------ •• ~A 
149. 
Table 68~ (continued) 
(b) Feed rate (head feed = 31.0 + 2.0 % TM) 
Regression equation Carr .. Data Level of 
coef. p-:>ints significance ---- ---
( i ) Primary drum separation 
~ 
'i" .G o.-o1 - FR +. 62 .-o ·o ~-og 12 )0;10 
WR :;:: -0.02 FR + 56 .. 0 -0. '15 12 ) 0.10 
(i) Overall magnetic separation 
G = -0.05 FR + 82.7 -0.22 6 ) 0.10 
WR ::: -0.01 FR + 43.5 -0.10 6 ) 0.10 
_j I~ --
G = grade of magnetic concentrate 
WR = % weight recovery of concentrate 
FR - feed rate in us GPM/FT 
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Figure 61. Effect of pulp density on primary drum separation 
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There appears to be a range from 30 to 40 % solids 
within which the drum vwuld produce a consistent product. 
Above 40 %solids, there was a significant drop in concentrate 
grade and below 30 %, ·there was significant improvement. 
Several magnetic concentrates were analysed by the Davis 
Tube and it was found that lower grade concentrates had 
a higher gangue content (Figure 62). In other words, at 
high pulp densities, gangue entrainment became a major 
problem. 
Information concerning secondary drum separation 
at normal running conditions are from Tables 29 to 44 
generating far less data points. Because of this problem, 
point.s 'vere grouped under those less or equal to 40 % 
solids and those greater or equal to 40 % solids by volume. 
This did not apply too well to the 35.0 % TM group (Figure 63) 
because of absence of data in the plus 40 % solids category. 
Hence, an intuitive plot was used. 
Although the primary drum performed well belovi 30 % 
solids, the same degree of upgrading was apparently not 
achieved by the secondary drum suggesting that with present 
running conditions
1 
there is a limit to the upgrading that 
can be achieved by the separator. This means that an 
inherent gangue entrainment problem exi~ts with wet 
magnetic separation. Such a contention is suppo~t~d by 
similar magnetic treatment of taconites in the United 
30 33 . States ' • Comparlng the plant results with bench-scale 
.results, whereas the former favours a region of steady 
performance between 30 and 40 % solids, the latter suggest-.s 



























Figure 62. Relationship between 
magnetic concentrate 
grade and entrained 
9angue 
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Figure 63. Effect of pulp density on overall separator performance 
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separator performance. If the solids density by volume were 
converted to density by weight, it seems that these 
separators can be operated up to 71 % solids by weight, a 
value much higher than the design criterion for magnetic 
separation (maximum of 50 %) without considerable adverse 
effect. on t.he separating process. It is· likely that the 
high loadings although adequately absorbed by the magnetic 
separator manifests itself into a load problem in the 
gravity stage and suggests that whereas there is sufficient 
capacity with magnetic separators, the same does not 
apply to the spirals. 
5.232 Feed rate 
Design specifications for magnetic separators have been 
based traditionally on the flow of feed pulp in US gallons 
per minute (GPM) per foot of magnet. Such a criterion is 
also used in this testwork. Looking at the effect of feed 
rate in the density range of 30 to 40 % solids by volume, 
I. (Figure 64), it is seen t:hat there is li tt·le . effect on 
I ,, 
I 
the primary drum separation. T~is is illustrated by 
the low correlation coefficients for both grade and weight 
recovery curves. Considering· the entire separator ·there 
., 
appeared to be a small but steady drop in concentrate grade 
I ,. 
with increasing feed rate suggesting that the latter may 
have significant effect on secondary drum performance· (Figure 
65). Over the entire range of feed rates, losses of magnetic 
tailings were consis{ently low and it appears ·that variation 
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Figure 64. Effect of feed rate on primary drum 
performance (-Head feed- 35.0. • 2.0% TM) 
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gangue ~ontent. The regression plots suggest a drop in 
0.5 % TM (0.3 %. sol. Fe) with an increase of 10 US GPM/FT 
of magnet. Unfortunately, the number of data points in this 
analysis were small with considerable scatter generating 
high significant levels (Table 68), suggestirtg that these 
results may also be due to chance. It will however be 
assumed that the regression plots are meaningful. The 
\·lri ter 1 s observations during the test-programme 
suggested that the daily feed flow gallonage varied from 
80 to 120 US GPM/FT \'lith normal plant running conditions 
which means a spread in concentrate grade of 2 % TM 
(1.2% sol. Fe). It hence appears that magnetic separators 
under present running conditions can adequately absorb 
fluctuations with only small changes to the concentrate 
grade achieved. 
The plant results are compatible with bench-scale 
testwork in terms of the relative insensitivity of the 
primary drum performance t:o feed rate. On the other hand, 
whereas there is a steady decrease in weight recovery with 
the laboratory separator at increasing feed rates, these 
appeared independent of each other with the plant separator. 
The reason for the different performances vli th the two 
drums can be attributed to the different nature of 'the 
feed. The primary drum feed being basically unprocessed 
raw sand contains a higher: percentage of gangue which is 
rejected and hence is relatively unaffected by the feed rate. 
On the other hand, the secondary drum feed can be'considered 
to be a magnetically sorted product with some entrained 




5.233 Drum speed 
The drum speed was increased by increasing the sprocket 
drive ratio. The driven speed of the drum was timed to be 
22 RPM. The ·15--tooth drive sprocket was replaced by one with 
17 teeth. This produced a speed of 24 RPM, an increase by 
about 9 %. 
Looking at Figure 66, the separator appeared to be 
unaffected by drum speed increase. The product recovered 
was noticeably wetter due to the faster rate of mat.erial 
passing the concentrate pan. Reviewing Reynold's findings 
which suggested improved performance at high speeds, it is 
seen that these are achieved at speeds far higher than 
would have been possible with the plant separator wi thou·t 
l 
running into problems like increased bearing, drum wear 
and power costs. 
5.234 Magnetic field intensity 
Several ways of reducing field intensity were possible. 
These included: 
(a) wedging keepers in the magnet assembly to 
spread the magnetic flux 
(b) reducing the number .s:: O.L poles 
(c) changing the poles 
(e) installing rubber sleeves around the drum. 
Modification (a) worked well with the laboratory drum 
separator but on a plant scale, this would be physically 
difficult. The clearance between the poles and between 






















Figure 66. Effect of d~um modifications 
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ruled out wedging in of metal plating. Increasing the 
clearanc~ between the magnet assembly and the drum shell 
would have required cutting the bracket holding the pole. 
Testwork by overseas companies 30 • 33had already shown 
1.60~ 
modification (b) to be relatively unimportant. Modification (c) 
was uneconomical (1 pole alone costs in the vicinity of 
NZ $5000). Proposal (d) was by far the cheapest as well as 
physically simple. 
The field intensity of the drum was measured using a 
Bell Gaussmeter at varying distances from the drum surface. 
Figure 67 shows that both drums are characterised by similar 
gradients but different field intensities. An increment in 
the drum thickness by adding a 0.25 inch and 0.5 inch rubber 
sleeve would have resulted in displacement of plots with 
I 
an effective reduction of surface strength by. 230 arid 
430 gauss respectively. 
Since the writer was only investigating the partitioned 
section of the separator, the required rubber sleeve \vas 
cut to cover only the partitioned region leaving the 
remaining 2/3 of the separator for investigation into the 
effect of drum clearance. However, the sleeve (0~5 inch) did not 
stay on for long. Water and sand managed to work their way 
into the rubber drum interface and hence created a loose 
uneven surface. Some samples were fortunately collected 
before this problem got worse. When installing the 0. 25 inch 
rubber sleeve 1 the same procedure was followed but in a 
addition, a couple of steel bands were strapped around the 
rubber surface. Some sand still managed to work its way 
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Figure 67. Magnetic intensity -
distance relationships 
for primary and secondary 
drums 
r · -+---------· r 
110 'L5 2.0 
Distance from drum surface I inches 
prevented the rubber surface from getting loose. 
Installing rubber sleeves not bnly increased the 
distance between the pole and the new drum surface but also 
the drum diameter .• Magnetic separators are designed so that 
the drum is matched to the tank it is running in. There are 
three principal criteria for det~rmining the drum to tank 
configuration: (Refer to Figure 68) 
(a) the feed gap clearance 
(b) the squeeze gap clearance 
(c) the discharge gap clearance. 
For the magnetic separators at Waipipi Ironsands Ltd. plant, 
the manufacturer's (Erietz) design gap clearances are 1, 2 
and 1.25 inches respectively. Increasing the diameter 
affected the clearance criteria and provisions had tq be 
made to maintain the design specifications. This could be 
be done by raising the drum to maintain ·a similar feed gap 
clearance. For.example, with the 0.5 inch rubber sleeve, 
the drum shaft would be raised 0.5 inch by raising the 
clamping block holding the drum shaft a similar distance 
(Figure 68). The drum would then be adjusted until the 
discharge gap clearance was 1.25 inches. Although this 
was the intention, the adjustments (which were done by plant 
personnel) as they turned out were slightly different. 
The drum was in fact raised by 0.56 inch with both 0.5 and 
0.25 inch sleeves and the discharge gap clearance 1 .• 38 
inches in both cases. 
The results obtained by installing rubber sleeves 
were not promising. There was no improvement in upgrading 
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Figure 68. Side-view of secondary drum separator 
(not to scale) 
.> 
to upgrade was adversely affected, possibly due 
to slight changes in the drum clearances. There also 
appeared to be slippage of pulp due to the reduced field 
intensity i-1hich was par-ticularly noticeable with the 
0.5 inch rubber sleeve. Installation of the latter also 
resulted in high losses to the tailings. Looking back 
at the findings of Reynolds, it is possible that the 0. 2 5 
inch rubber sleeve was operating with a field intensity 
vJhich was still too high whereas the 0. 5 inch rubber sleeve 
resulted in intensity which '#as too low. A 0.38 inch sleeve 
may produce desirable upgrading. 
5.235 Drum clearance 
1 
Investigations into field strength changes and ~rum 
clearances were conducted in parallel which- explains why 
primary drum results of both investigations are the same. 
With the drum raised by 0.56 inch and the discharge gap 
set at 1.63 inches, concentrates achieved were above 
80 % TM (50 % sol. Fe) from head feeds of 32 to 38 % TM 
(22 to 26% sol. Fe). Losses to tailings were consistently 
-higher, ·12 to 19 % TM ( 10 to 14 % sol~ Fe) compared to 
normal losses which show a wider spread 4 to 20 % TM 
( 3 to 15 % sol. Fe). This would seem in accordance with 
Reynold's findings which suggest tha·t any significant 
gain in upgrading ability must be accompanied by· an increase in 
tailings grade • However, the above settings do· not 
necessarily represent optimal-conditions and further 




relationship between gap clearance and magne·tic separator 
! 
performance. That the influence of gap clearance is critical 
is shown by looking at the results obtained when the 
discharge gap clearance was adjusted to.1. 88 inches (Figure 66) 
which resulted in significant drop in weight recovery and 
upgrading ability. 
Changing the drum clearance or field intensity by 
means of rubber s1eeves are actually closely related~ 
This is because ·installation of the latter only displaces 
the operational range of the magnet to a region of lower 
field intensities without affecting magnetic intensity 
characteristics~ The magnetic intensity at a gap clearance 
of 1.63 and 1.88 inches. (say situationA, cases 1 and 2) will 
be the same as that at a clearance of 1.38 inches and 
with a 0.25 and 0.5 inch rubber sleeve (situation B1 and B2) 
respectively. Yet results obtained in situations A and· B 
were significantly different. With situation A, upgrading 
ability appeared to have been enhanced with the converse 
occuring with situation B. 
There are currently tw·.) methods of quantifying 
magnet characteristics 31 : 
(a) the gauss rating method 
(b) the force index method 
The gauss rating method which was essentially used throughout 
thi"s testwork rates the magnet in terms of its intensity· at 
a specific point, commonly taken to be 2 inches from· the 
drum surface for industrial" separators. There has been 
reservations about this arbitrary value because the operational 
working range of the drum is dictated by the gap clearance 
166 .. 
and is often less than 2 inches. Furthermore, the me-thod 
gives no indication of the rate of change of flux density, 
that is, the gradient. It can hence be argued that failure 
to explain.the discrepant results is due to an inadequate 
representation of the magnet characteristics& 
·The force index F combines both field int.ensi ty and 
gradient where 
where B -· field intensity 
,. 
AB Ax - rate of change of field intensity 
with'distance. 
Table 69 gives the calculated force indices for the secondary 
drum. Like t.he gauss rating method, the force index VlOUld 
be the same at a specific point from the magnet irrespective 
of the presence or absence of a rubber sleeve in between.· 
.. Hence, although the force index method may offer an advantage 
in describing magnets with similar field intensities but 
different gradients, it simply reflects the gauss rating 
in a situation where the gradient is unchanged. Both 
methods would account for the difference in drum 
performance between A1 and A2 or B1 and B2 but would predict 
situation A to perform equivalently to situation B. It 
would hence appear that some other factor· is responsible for 
this inconsistency. It is highly likely that an increased 
gap clearance resulted in an apparent decrease·in the solids 
content per unit volume of clearance space, hence promoting 
magnetic grain sorting and reducing the incidence of 
entrapped gangue particles. This satisfactorily explains v1hy 
167 
Table 69~ Comparison between gauss rating and force index 
Distance from r:uss force index 
drum surface (in) 
0.5 420 260,000 
0.75 290 127,000 
1.0 200 60,000 
1.25 140 28,000. 
1.5 100 14,000 
168. 
situation A had outperformed situation B. In the light 
of this, the method of presentation of the feed to the drum 
must rate as a primary consideration into further investigations 
in improving magnetic separator performance~ 
5.24 Assessment of Magnetic Separator Performance 
Having already shown the need to recover a high grade 
magnetic concentrate as feed for spirals, a suitable 
yardstick. for measuring magnetic separator performance·must 
be the ability of the separator to upgrade at minimal 
losses to the tailings.· In the assessment of the separator's 
performance of section 5.23, the writer had used a simple 
graphical approach by looking at the p8sition of points 
on weight recovery and concentrate grade curves plotted 
against the plant variables feed rate or pulp density. 
The problem was always to reconcile between the two. 
Also, because of head feed variations, only one to two 
feed grade groupings could be examined without further 
complicating the graphs plotted. An improvisation of this 
method would be graphical approach using grade vs weight 
recovery curves. The curves in Figures 69 and 70 plotted 
from data collected during the plant test programme 
appear to characterise magnetic separation at the·waipipi 
Ironsands Ltd. plant. Points plotted along such curves 
would show the extent of upgrading. Because of the particular 
problem facing magnetic separation in terms of gangue 
entrainment, reduction in weight recovery does not necessarily 
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Figure 70. Grade - weight recovery curves for magnetic separator 
detected by the swing of points away from the normal trend 
I 
suggesting an 'uncharacteristic' performance. The ability of 
the separator to produce the highest grade concentrate at 
the minimal weight recovery with minimal losses to the 
tailings would be desirable and hence points should plot 
as low as possible along the trend lines. Using this 
criterion, gap clearance adjustment to 1.63 inches would 
have the greatest potential. On the other hand, when the gap 
clearance adjustment had been too large, the points·swung 
away from the trend suggesting· an uncharacteristic performance. 
Increasing drum speed is seen to plot relatively low on these 
curves and suggest the possibility that marginally better 
\> 
separation is achieved than at normal speeds. The plots 
of data by varying field intensities give .a similar 
interpretation to that in Figure 66. 
Any other means of assessment will have to show their· 
clarity and usefulness over the method just described, 
otherwise it would be meaningless to create a new parameter 
which only serves the same purpose. Looking at the 
e£ficiency parameters postulated by Falconer, and Watson and 
Falconer which are PI and MP, it can be shown that· the 
former parameter merely quantifies the metal tonnage recovered. 
As a hypothetical case, consider 100 tons of feed with 50 tons 
of tailings at 5 % Fe and 50 tons at 56 % Fe • If calculate 
the PI at varying degrees of gangue entrainment (Table 70), 
it will be seen that PI actually increases with higher 
·recovery- of entrained· gangue. This· is· because of the·· .small 
content of Fe in composites (due to titanomagnetite) and-in 
ferromagnesians. The linear plot of PI vs head grade in 






Table 70. The relati~nship between assessment parameters 
and the gangue entrainment problem 
% entrainment % Weight recovery MP PI 
0 50. I 8793 2800 
10 60 7034 2850 
20 70 5275 2900 
~.~ ·, ! 4 
30 80 3517 2950 
40 90 1759 3000 
l 50 100 0 3050 
L --~---~--~"~ ---- -------------- -~- -- ----~-- ______ _j 
Assume head feed = 30.5 % Fe 
Assume two populations of ironsands yielding a concentrate 





Figure 34 can be attributed similarly to increasing 
metal tonnage with richer f~ed. Hence, PI should really 
! 
be termed 'Metal Tonnage Index• and bears no direct relation 
to drum performance. 
MP can be considered to be a empirical parameter 
resulting from the product of the weight recovery of 
concentrate and a scale factor which takes into considerable 
the target design concentrate value (45 % sol. Fe) the magnetic 
separator should achieve. By this is meant that if the 
separator recovers at consistent design grade then MP is 
simply equivalent to the weight recovery term, otherwise 
MP is upgraded or downgraded depending on whether the 
separator has exceeded 45 % sol. Fe or not. It therefore 
does reflect separator performance and has better relevance 
than PI. This can be shown by Table 70 where a 
reduction in gangue entrainment is reflected by an increase 
in MP. The results from the plant test-programme are 
replotted using MP as an assessment parameter and are 
illustrated by Figure 71. The conclusions from this plot 
are similar to those arrived using the grade~weight 
recovery method. The influence of the head feed on MP 
is shown by the swing of the plots about origin. Where losses 
are high, such as when the drum was operated with a 0~5 inch 
rubber sleeve, points plotted away from the normal· trend. 
The aim should be to achieve the highest grade concentrate at 
the highest MP in contrast with grade-weight recovery curves 
where the aim is to produce the minimal \veight recovery at 
the highest grade concentrate. Hence, the MP m~{h~d would 
erase the confusion associated v-Ii th the latter method where 
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Figure 71. Magnetic Performance curves for magnetic separator 
recovery would confuse the mine planner who_ obviously wants 
high gra~e and high recovery. On the other hand, the grade-
weight recovery method can be related to more easily in a 
physical sense. It hence appears that bo·th methods have their 
merits and have application in future testwork in assessing 
magnetic separator performance. 
5.3 SUM!'-1ARY OF INVESTIGATIONS 
The testwork described in this chapter has shown 
clearly that it is possible to tune the magnetic separator to 
perform a more satisfactory task in terms of improving 
selectivity hence resulting in a concentrate grade exceeding 
72-% TM (45 %sol. Fe). 
The testwork in sections 3 and 4 had·shown the 
existence of mainly trace to minor titanomagnetite composites 
_in the sands investigated and although such material could 
certainly be separated from the bulk of the feed by·gravity 
means, it was al.so important to know whether magnetic 
separation could be tuned to perform a similar functiion. 
Some preliminary testwork was conducted on the laboratory 
wet magnetic separator to establish areas for further 
investigation. It was shown that gangue ent:rainment would 
be a major problem in wet magnetic separation. 
This test\vork was followed by the plant test programme 
in which a fairly comprehensive study of feed and separator 
variables was carried out. Both the Bison meter and the 
Satmagan were used in sample analysis' of separator products. 
The former was used to check steady state conditions as well 
as give quick appraisal of separator performance whereas 
the latter was used as a research tool upon which mass 
calculations and discussions are based on. The plant 
study suggested that the magnetic separator could be 
operated to give consistent performance provided the feed 
density does not exceed 40 % solids by volume. There was 
a gradual decline in magnetic separator performance vli th 
increasing feed rate but since plant n~rmally o~erates 
between 80 to 120 US GPM/FT of magnet, the effect of feed 
rate on concentrate grade is minor and it appears that the 
separators are operating well within their capacities. 
Looking at the various means of modification to the separator 
to improve the separator performance, it was shown that 
adjusting the gap clearance offered the best potential for 
further investigations, as well as being a measure· which 
is simple and economical. Increasing drum speed, although 
initially thought to be an ineffective measure was shown 
by the grade-weight recovery and MP assessment 
··methods to give marginally better separation than at normal 
speeds. Further testwork if directed towards this measure 
,, will have to consider higher running speeds to give vastly 
improved separation. Running the drums in the separator at 
differential speeds represents a measure which may be 
uneconomical in terms of increased replacement,· power and 
maintenance costs. Adjusting field intensity by installing 
. 28 29 
rubber sleeves although considered by .researchers ' to 
have good potential 1 failed to give any improved performance. 
With the 0&25 inch rubber sleeve, the secondary drum produced an 
indifferent performance, and installation of the 0.5 inch 
rubber ~leeve created high losses to the tailings. Although 
it may be possible to produce improved upgrading by installing 
a 0.38 inch rubber sleeve, such a measure ls no longer 
necessary considering the simpler and more economical method 
of adjusting the gap clearance. 
Of the.three methods considered for assessing the 
magnetic separator performance, the grade-weight recovery and 
the MP methods were found to be equivalent techniques whilst 
the PI method was shown to merely quantify· the metal tonnage 
recovered. Either of the former two methods has ·application 
as a research tool into future testwork. 
'1/ I~ 
l> 
6. CONCLUSIONS AND RECOMMENDATIONS 
This project has examined the mineralogy, in 
particular, mineralogical distribution of Waipipi ironsands 
and related the findings to its effect on ironsand 
beneficiation, particularly magnetic separation. 
6.1 MINERALOGY AND COMPOSITES 
The mineralogy was shown to consist of mainly three 
mineralogical groups - the titanomagnetite, ferromagnesians 
and quartz group. Such a simple mineralogical make-up can 
be attributed to the detrital nature of the ~eposit, the 
above minerals being chemically and physically resistant. 
On a density basis, two groups comprising a heavy lib~rated 
titanomagnetite fraction'and light gangue (ferromagnesians 
and quartz plus c~mposites) fraction were dominant. 
Two types of composites were identified. These were 
the ferromagnesian-type composite, majority of which had 
titanomagnetite present as trace to minor inclusions in 
well- rounded prismatic grains and the quartz-type composite, 
many with a higher content of titanomagnetite in semi-detached 
sub-angular grains. The occurence of both was found to 
increase with increasing depth of deposit. It is recommended 
that further studies should investigate whet.her ·there is 
any preferential enrichment of either type of composite in the 
spiral separation process. This would enable better appreciation 
of the effects of shape and specific gravity on the spiral 
classification mechanism and presumably lead to better spiral 
operating techniques and design. 
\ 
6.2 IRONSAND ASSESSMENT 
The CF as proposed in its original form was shown to 
be calculated from an improperly balanced mass equation. 
This was because titanomagnetite analysed by the Satmagan 
balance was not totally recovered by the Davis Tube$ The 
latter was found·to reject grains with less than 5 % TM. 
A modified equation was used to calculate CF values in 
this thesis. Increasing CF was attributed mainly to reduced 
recovery of liberated mineral and corresponding increased 
recovery of composites by the Davis Tubee Although an 
increasingly high CF would represent a progressively 
difficult load problem in spiral treatment, the material 
would still be potentially recoverable by gravity means 
! 
·and no single value of CF could be taken to represent a 
a critical treatment problem. CF was shown to be strongly 
related to TMF. Such a relationship was attributed to the 
mineralogical distribution of the material. 
The TMF was found to be linearly related to the 
HMF, which consisted of mainly liberated titanomagnetite, 
and was also shown to relate strongly to sol. Fe content. 
Therefore, TMF or sol. Fe can adequately be used as 
parameters in assessing concentrate recovery. Efforts 
should also be directed towards improving.Bison·meter 
techniques which if perfected will enable in-situ accurate 
analysis of plant and borehole samples. 
179~ 
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6.3 IRONSAND BENEFICIATION 
Waipipi ironsands form a deposit which can be treated 
by any gravity means. However, as the grade of feed 
material drops, the processing circuit will have to 
increase in complexity involving multi-stage treatment 
and possibly scavenger or cleaner retreatment in order 
to achieve a consistent marketable grade concentrate. 
An all-gravity treatment circuit or gravity-magnetic 
circuit with scavenger treatment, particularly the 
latter methodology, may offer more scope than present 
gravity-magnetic or magnetic-gravity circuits in terms 
of recovering b~th titanhematite and titanornagnetite 
';> especially with lower grade and more oxidised feed. It is 
' recommended that further testwork should be channelled 
in this direction and also to the determination of oxidation 
characteristics in ironsands. 
Analysis of plant data showed the spirals to be 
highly sensitive to feed loading andmagnetic concentrate grade. 
Better spiral performance was achieved with the recent 
Wright spiral design. A pilot sampling run suggested 
relatiVely poor selectivity by the secondary magnetic d~um. 
"This led to a plant test programme to investigate ways and 
means of optimising •magnetic_separator perf~rmance. R~sults 
showed that although plant conditions can be controlled to 
improve magnetic separation, the effect would be marginal~ 
Of the various methods of modifying separator variables 
that were investigated to improve magnet selectivity, it was 
found that adjusting the gap clearance of the separator 
offered the best potential. It is recommended that future 
testwork should be continued along these lines. 
It can be concluded that running a properly tuned 
magnetic separator and suitably designed spiral concentrator 
at the right feed conditions will eliminate much of the 
processing problems experienced at Waipipi. 
181. 
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8 . JJ ... PPENDIX 
a.l I>iiSCELLANEOUS CALCULATIONS 
1. kg/min of pulp to US GPM/FT of pulp 
I 
US GPM/FT = 0.264 [pw + ws (100-p)] 
100 s1 
where p = % solidr; by . ,_.. welg.lr. 
U:• = mass flo-v; of pulp }:-.g/min 
s == density of solids 'k}/litre 
~ = wid·th of drum - feet 












solids - c/cm 3 ·' 
by voJ.urne 
by weight 
3. Composites rejection by Davis Tube 
% TM in composites 
(WR X G)CMP - (WR X G)DTC 
where WR = % weigh~c recovery 
G ::::: concentrate grade/% TI.<-1 
CMP = Carp co Magnetic Product 






8.2 SINK FLOAT ANALYSIS OF BOREHOLE 3652 
Table 8. Sink float analysis of 0.0 - 1.5 m increment of B3 3652 
Sample + 52 mesh fraction Float fraction 
SG fraction % \rift % TM i:% Wt 
3.2 float 
3.2 - 3.4 
3.4 - 3.6 
3.6 - 4.0 














Sa~ole - 52 + 72 mesh fra~tion .. 
SG fraction 
3.2 float 
3.2 - 3.4 
3.4 - 3.6 
3.6 --4.0 














Sample -72 + 100 mesh fraction 
SG fraction 
3.2 float 
3.2 - 3.4 
3.4 - 3.6 
3.6 - 4.0 





































3.6 - 4.0 







96 .. 2 































2 3. 6 
Sink fraction 

















































Table 9. Sink float analysis of '1.5 - 3.0 m increment of BH 3652 
Sample + 52 mesh fraction Float fraction 
SG fraction 
3.2 float 
3.2 - 3.4 
3.4 - 3.6 
3.6 - 4.0 
















Sa~ple - 52 + 72 mesh fraction 
SG fraction 
3 •. 2 float 
3.2 - 3.4 
3.4 - 3.6 
3.6 4.0 



























Sample - 72 + 100 mesh fraction 
SG fraction 
3.2 float 
3.2 - 3.4 
3.4 - 3.6 
3.6 - 4.0 




















Sample - 100 + 150 ciesh fraction 
SG fraction 
3.2 float 
3.2 - 3.4 
3.4 - 3.6 
3.6 - 4.0 




































1.4 0 2 
85.3 
Sink fraction 
















































Table 1J. Sink float a':1alysis of 3o0 -· 4.6 m increment of BH 3652 
Sample + 52 mesh fractio::1 Float fraction Sink fraction 
SG fraction % Wt % Tl'-1 I;% ~It I:% 1'M :£:% \<lt "'i'....:~ o/ ,l.. /0 TM 
3.2 float 27.8 2.7 27e8 2~7 100.0 5,.8 
3.2 ·- 3.4 49.6 1.4 77.4 1.9 72o2 7.0 
3.4 - 3.6 15.5 4.5 92.9 2.3 22.6 19.3 
3.6 - 4.0 3.0 12.6 95.9 2.6 7.1 51.6 
4.0 - 4.6 1.0 37.8 96.9 3.0 4.1 80.1 
4.6 sink 3.1 93.7 100.0 5.8 3.1 93.7 
Sa'llple - 52 + 72 mesh fraction 
7 SG fraction 
3.2 float 15.0 1.8 15.0 1.8 10·J. 0 14.1 
3.2 - 3.4 61.0 1.6 76.0 1.6 85.0 16.2 
3.4 - 3.6 7.1 5.4 33.1 2.0 24.0 53.4 
3.6 - 4.0 3.1. 14.4 86.2 2.4 16.9 73.6 
,! 
I> 
4.0 4.6 2.0 4'1. 4 83.2 3.3 13.8 "86.9 -
4.6 sink 1'1.8 9 4. 6 1:}J. 0 14.1 11.8 94.6 
Sample - 72 + 100 mesh fraction 
SG fraction r 
3.2 float 7.0 0.9 7.7 0·9 1.00. 0 38.1 
3.2 - 3.4 42.8 1.4 50.5 1.3 92.3 41.2 
3.4 3.6 3.9 6.3 54.4 1.7 49.5 75.7 
•' 3.6 4.0 4.9 14.4 59.3 2.7 45.6 81.6 
4.0 - 4.6 3.0 39.6 62.3 4.5 40.7 89.7 
4.6 sink 37.7 9 3. 7 100.0 38.1 37.7 93.7 
)-
~ Sample 100 + 150 mesh fraction -
SG fraction 
3.2 float 4.3 0.9 4.3 0.9 10:J.O 72.4 
,. 3.2 - 3.4 13.2 1.6 17.5 1.4 95.7 75.6 
3.4 - 3.6 2.7 8.1 20.2 2.3 82.5 87.4 
3.6 - 4.0 4.0 16.2 24.2 4.6 79.8 90.1 
4.0 - 4.6 2.2 43.2 26.4 7.8 75.8 94.0 
4.6 sink 73.6 95.5 10J.O 72.4 73 • 6 95.5 
187. 
Table 11. Sink float analysis for 4.6 - 6*1 m increillent of K-I 3652 
Sample + 52 mesh fraction Float fraction Sink fraction 
SG fraction % Wt % ·rM. I:% Wt :E% TM h% Wt I:% TM 
3.2 float 25.4 3.6 25.4 3.6 100.0 4.4 
3.2 - 3.4 65~6 1.8 92.0 2~3 74.6 4.7 _. 
3.4 - 3.6 3.0 5.4 95.0 2.4 8.0 28.8 
3.6 - 4.0 2.4 12.6 97.4 2 .. 6 5.0 42~8 
4.0 - 4.6 1.0 39.6 98.4 3.0 2.6 70.7 
4.6 sink 1.6 90.1 100.0 4.4 1.6 90.1 
Sallple - 52 + 72 mesh fraction 
SG fraction 
3.2 float 18.0 1 .• 8 . 18 .• 0. 1 .. 8 100.0 7.7 
3.2 - 3.4 69.8 1.6 87.8 1.6 82.0 8 .. 9 
3.4 - 3.6 2.6 5.4 90 .. 4 1.7 12.2 50.9 
3.6 4.0 2.9 14.4 
I> 
93.3 2.1 ;9.6 63.2 
4.0 - 4.6 1.0 41.4 94.3 2.6 6.7 84.4 
4.6 sink 5.7 91.9 10J.O 7.7 5.7 91.9 
Sample - 72 + 100 mesh fraction 
SG fraction 
3.2 float 12.6 1.6 12.6 1.6 100.0 19o2 
3.2 - 3.4 6'1-.6 1.8 74.2 1.8 87.4 21.7_ 
,,. 
3.4 3.6 - 2.5 8.1 76.7 2 .. 0 25.8 69.3 .{ 
3.6 4.0 - 3.5 16.2 8;). 2 2.6 23.3 75.9 
4.0 - 4.6 2.0 37.8 82.2 3.5 19.8 86.4 
4.6 sink 17.8 91.9 100.0 1992 17.8 91.9 
)-
r 
Sample - 100 + 150 mesh fraction 
SG fraction 
3.2 float 4.3 '1. 4 4.3 1.4 10J.J 50 .2 
~ 3.2 - 3.4 17.7 1.8 22.0 ·L7 95 .. 7 52.4 
3.4 - 3.6 19.9 9.0 31.9 6.8 78.0 63.9 
3.6 - 4.0 5.7 16.2 37.6 8.2 58.1 82.7 
4.0 - 4.6 3.0 43.2 40.6 10.8 52.4 90.0 
4.6 sink 49.4 92.8 10.J.O 50.2 4904 9 2.8 
r 
8. 3 SINK FLOAT ANI\L.YSIS __ 0~- PLl\NT SlJ.:!:}?]-,E_§_ 
Table 20. Sink float analysis of plant feed. 
Sample + 52 mesh fraction Float fraction 
SG fraction 
3.2 float 
3.2 - 3q4 
3.4 - 3.7 
3.7- 4.1 
4.1 - 4.6 






















Sample - 52 + 72 mesh fraction 
SG fraction 
float 
3.2 - 3.4 
3.4- 3.7 
3.7- 4.'1. 




















Sample -72 + 100 mesh fraction 
SG fraction 
3.2 float 11.3 
3.2 - 3.4 7.3 
3.4 3.7 
3~7 ·•L1 






















3.4 - ? 7 .._, ro· 1 
3.7- 4.1 





























































































Table 21. Sink float analysis of spiral feed. 
Sam1)le + 52 mesh fraction Float fraction Sink frastion J. 
SG fraction % Wt % TH 2..% Wt 2:% TH :l:% Wt 
) o' _,.. /o TM 
3.2 float 26.4 6.8 26.4 6.8 100.0 19.2 
3.2 - 3.4 51.4 4.3 77.8 5.1 73J) 23.7 
>--
3. 4 - 3.7 5.5 15.3 83.3 5.8 22.2 68.6 
3.7 - 4.1 1.6 39.6 84.9 6.5 16.7 86.1 
4.1 -- 4.6 1.7 70.3 86.6 7.7 15.1 91.1 
4~6 - sink 13.4 93.7 100.0 19.2 13.4 93.7 
Sample - 52 + 72 mesh fraction 
>- SG fraction 
3.2 float 7.9 6.1 7.9 6.1 100.0 42.8 
3.2 - 3.4 25.9 4.5 33.8 4.9 92.1 46.0 
·-
3.4 - 3.7 17.7 7.4 51.5 5.7 66.2 62.2 
I> 
3.7 - 4.1 6,0 32.4 57.5 8.5 48.5 82.2 
4. '1 - 4.6 3.9 63.1 61.4 12.0 42.5 89.3 
4.6 sink 38.6 91.9 100.0 42.8 38.6 91.9 
Sample - 72 + 100 mesh fraction .. 
SG fraction 
3. 2, float 1.5 7.2 1.5 7.2 100.0 79.1 -
3.2 - 3.4 9.0 4.3 10.5 4.7 98.5 80.2 
>-- 3.4 3.7 4.0 14.4 14.5 - 7.4 89.5 87.8 
•' 3.7 4~1 5.0 36.0 19.5 14.7 85.5 91.3 ·-
4. 'J. 4.6 6.1 63.1 25.6 26.3 80.5 94.7 
4.6 sink 74.4 97.3 100.0 79.1 74.4 97.3 
r 
~ Sa .. ·n.ple - 100 + 150 mesh frac·tion 
SG fraction 
•' 3.4 float 1.3 5.4 1 ') 5.4 100.0 93.7 ..... 
3.4 ·- 3.7 1.2 9.9 2.5 7.6 98.7 94.9 
3.7 -· 4o1 1.0 3.2 3.5 6 ? ..... 97.5 95.9 
4.1 ·- 4.6 1.2 63.1 4 '7 • I 20 .. 8 96.5 96,9 
4.6 s i,n1<:. 95.3 97.3 100.0 93. 7 95.3 97.3 
190. 
'l'able 22. Sink float analysis of spiral concent.rate. 
Sample + 52 mesh fraction Float fraction Sink frastion 
SG fraction % Wt % TM 2..% Wt :E% TM 2:% Wt L. ~~6 TM 
3.2 float 4.1 8.1 4.1 8.1 100.0 69.0 
3.2 - 344 21.6 5.4 25.7 5.8 95.9 71.6 
~ 
3.4 - 3.7 4.4 19.8 30.7 7.7 74.3 90.9 
3.7 - 4.1 1.7 46.8 31.8 10.0 69.9 95.3 
4.1 - 4.6 1.8 68.5 33.6 13.1 68.2 96.5 
4.6 - sink 66.4 97.3 100.0 69 ,, 0 66.4 97.3 
Sample - 52 + 72 mesh fraction 
' 
SG fraction 
3.2 float 2.1 7.2 2.1 7.2 100.0 72.5 
3.2 - 3.4 15.0 4.7 17.1 5.0 97.9 73.9 
3.4 - 3.7 9.0 18.0 26.1 9.5 82.9 86.5 
3.7 - 4.1 3.3 46.8 29.4 13.1 73.9 94 .. 8 
I> 
4.1 - 4.6 1.6 68.5 31.1 16.5 70.6 97.0 
4.6 sink 69.0 97.7 100.0 72.5 69.0 97.7 
Sample - 72 + 100 mesh fraction 
SG frac'cion 
.3. 2 float 0.4 7.2 0.4 7.2 100.0 89.3 
3.2 - 3.4 1.4 5.4 1.8 5.8 99.6 90.0 
3.4 3.7 4.1 19.8 5.9 - 15.5 98.2 90.9 
[lJ 3.7 - 4.1 2.9 50.5 8.8 27.1 94.1 94.0 
4.1 - 4.6 3.9 72.1 12.7 40.9 91.2 95.4 
4.6 sink 87.3 96.4 100.0 89.3 87.3 96.4 
r 
~ Sa"'lple -- 100 + 150 mesh fraction 
SG fraction 
.~ 
. 3 .. .4 float 0.1 8.1 0.1 8.1 100.0 98.4 
3.4 -· 3 0:7 0.6 28.8 0.7 25.8 99.9 98.5 
3.7 - 4. ~l 0.6 63.1 1.3 43.0 99.3 98.9 
4.1 -- 4.6 1.8 81.1 3.1 65.1 98.7 99.2 
4.6 sink 96.9 99.5 100.0 98.4 96.9 99.5 
•rable 23. Sink float. analysis of spiral tailings. 
Sample + 52 mesh fraction Float fraction Sink frac:ticn 
SG fraction % ·wt % TM 'l.% Wt L% TM 2::% Wt 1.:% 'I'M 
3.2 float 26.8 7.6 26.8 7.6 100.0 18.3 
3.2 - 3o4 49.5 4.9 76.3 5.8 73.2 22.2 
3.4 - 3.7 9.0 17.5 85.3 7.1 23.7 58.4 
3.7 - 4.1 2.0 42.2 87.3 7.9 14.7 83.4 
4.1 - 4.6 2.0 68.5 89.3 9.2 12.7 89.9 
4.6 - sink 10.7 93.9 100.0 18.3 10.7 93.9 
Sample - 52 + 72 mesh fraction 
SG fraction 
3.2 float 14.4 3.2 14.4 3.2 100.0 32.2 
3.2 - 3.4 37.3 4.5 51.7 4.1 85.6 37.1 
3.4 - 3.7 15.2 10.8 66.9 5.7 48.3 62.3 
3. 7 - 4.1. 3.1 32.4 70.0 6.8 33.1 86.0 
4.1 - 4.6 2 c· .J 57.7 72.5 8.6 30.0 91.5 
4.6 sink 27.5 94.6 100.0 32.2 27.5 94.6 
Sample - 72 + 100 mesh fraction 
SG fraction 
3.2 float 2.0 7.6 2.0 7.6 100.0 58.6 
3.2 - 3.4 13.3 7.6 15.3 7.6 98.0 59.6 
3.4 - 3.7 18.0 6.3 33;3 6.9 84.7 67.8 
3.7 -· 4.1 8.0 19.5 41.3 9.3 66.7 84.4 
4.1 -- 4.6 5.6 55.0 46.9 14.8 58.7 93.3 
4.6 sink 53.1 97.3 100.0 58.6 53.1 97.3 
Sat1.ple - 100 + 150 mesh fraction 
SG fraction 
3.4 floa·t 6.4 20.7 6.4 20.7 100.0 88.9 
3.4 - 3o7 2.0 27.0 8.4 22o2 93.6 93.6 
3.7 -· 4.1 0.8 54.1 9.2 25.0 91.6 95.0 
4. ~1 ·- 4.6 0.7 81.1 9.9 28.9 90.8 95.4 
4.6 s1nk 90.1 95.5 100.0 88.9 90.1 95.5 
192 .. 
Table 24. Sink float. analysis of calculated plant samples. 
Sample Plant feed Float fraction Sink frac:tion 
SG fraction of jo Ht % TM 2.% l~t L% Tlvi. }:- of .oq /0 1-'l"c L, 'i ,o TM 
3.2 float 14.0 2.5 14.0 2.5 100.0 31.1 
3~2 - 3.4 39.4 1.9 53.4 2.1 86.0 35.7 
" 3.4 - 3.7 11.3 3.8 64.7 2.4 46.6 64.3 
3 .7 
• I - 4.1 3.4 12.0 68.1 2.8 35.3 83.7 
4.1 - 4.6 2.0 45.5 70.1 4.1 31.9 91.3 
4.6 - sink 29.9 94.4 100.0 31.1 29.9 94.4 
Sample Spiral feed 
SG fraction 
3.4 float 22.6 4.9 22.6 4.9 100.0 65.3 
3.4 - 3.7 7.6 9.3 30.2 6.0 77.4 82.9 
3.7 - 4. 1. 3.,9 32.5 34.1 9. cr 69.8 90.9 
I> 
4.1 - 4.6 3.7 . 63.7 37.8 14.4 65.9 94.4 
4.6 sink 62.2 96.2 100.0 65.3 62 ·• 2 96.2 
Sample Spiral tail 
" SG fraction 
3.4 float 41.4 5.3 41.4 5.3 100.0 43.5 
' 3.4 3.7 12.9 10.4 - 54.3 6.5 58.6 70.5 -
~' 3.7 4.1 3.9 26.8 58.2 7.9 45.7 87.5 -
4.1 - 4.6 3.0 58.6 61.2 10.4 41.8 93.1 
4.6 sink 38.8 95.8 100.0 43.5 38.8 95.8 
r Sa-nple Spiral concen-trate 
SG fraction 
" 3.4 float 4.3 5.3 4.3 5.3 100.0 89.7 
3.4 - 3.7 3.5 20.5 7. 8 12,1 95.7 93.4 
3.7 - 4o1 2.0 50.8 9.8 20.0 92.2 96.2 
4.1 - 4.6 2.6 74.2 12.4 31.4 90.2 97.2 
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Figure 42ba Washability curves of - 52 + 72 
mesh fraction - plant feed 
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Figure 42co Washability curves of - 72 + 100 
mesh fraction - plant feed 
Specific gravity 
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Figure 42d. 1\Tashabili·ty curves of - 100 + 150 
mesh fraction - plant feed 
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Figure 43a. Washability curyes of + 52 
mesh fraction - spiral feed 
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Figure 43b. Washability curves of - 52 + 72 
mesh fractio~ - spiral feed 
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Figure 43c. Washability curves of - 72 + 100 
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Figure 43d~ Washability curves of - 100 + 150 
mesh fraction - spiral feed 
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Figure 44a. Washability curves of + 52 
mesh fraction - spiral cone. 
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Fig~re 44b. Washability c~rves of - 52 + 72 
mesh fraction - spiral cone. 
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Figure 41::::. Washability curves of - 72 
+ 100 mesh fraction - spiral 
concentrate 
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Figure 44d. Washability·curves of- 100 
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Figure 45a. Washability curves of + 52 
mesh fraction - spiral tailings 
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Fig~.re 45b. Washability curves of - 52 + 72 
mesh fraction - spiral tailings 
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Figure 45~. Was~a~ility c~rves 0£ - 100 + 150 
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8.4 BASIS FOR CALCULATION OF DISTRIBUTION CURVES FOR SPIRALS 
Table 25. Size by size analysis of spiral products 
Spiral cone. Spiral tail I. . d Sp~ral fee % wt. 
' Mesh % TM % wt. % wt.as % TM % v<t·.; .% wt.as % TM I % wt.· .. recov. , I , 
BSS fn. of fn. of · ' of 
sp. feed sp. feed cone. 
52 
I 
67.1 2.4 1.2 17.2 22.2 "11. 0 22.1 '12 e2 9.8 I 
72 71.9 16.9 8.6 32.5 37.8 18.7 44.9 I 27~3 31.6 
100 83.2 39.6 19.9 56.8 27.1 13.4 75.6 '33~3 59.8 
150 ! 97.3 34.5 17.5 88.8 9.9 4.9 95.4 22.4 78.1 
-150 99.0 6.6 3.3 I 88.9 3.0 1.5 95.8 4.8 68.8 , 
Cal. I I 







Table 26a. Weight recovery of SG fractions of sized spiral products 












% wt.% wt. as·% wt. % wt. as ·cal~ meas; 
fn. of fn. of 
sp. feed sp. 'feed 
+ 52 mesh fraction 
25.7 











9 .. 0 
2.0 
2 .. 0 
10.,7 
100.0 
















5 .. 5 

















4.1 - 4.6 1 .. 6 











1.7 2.2 3.9 22.7 
18.8 40.6 38.6 53.7 
Total 100.0 31,6 100.0 68.4 100.0 100.01 53.7 











































59 .. 8 
-100 + 150 mesh fraction 
3 .. 4 float 
3.4 - 3. 7 1 
4.1 







1 .. 5 1 .. 3 6.,7 
2o0 0.4 0.9 1o2 55$6 
Oo8 0.2 Oo7 1&01 71.4 I 
Oo7 Oo2 1e6 1s2 87&5 I 
90.1 19~7 95o4 95Q3 7984 J 














Weight recovery of various SG fractions of 
calculated spiral products 
Spiral conco Spiral tail Spiral 
% wt .. % wt. as % wt., % ·wt. as feed. 
fn. of fno of 
spo feed sp .. feed (calo) 
4o2 2 .. 1 41o4' 20.5 22 .. 6 
3 .. 5 1.8 12o9 6.4 8o2 
2o0 1o0 3o9 1.9 2 .. 9 
2 .. 6 I 3~0 1.5 2o8 1 .. 3 ' 
87 .. 7 44.,3 19o2 63.5 I 38o8 




9 .. 3 
22.0 
34.5 
46 0 4 






8.5 CHECK ON CONTROL PANEL DENSITY METER 
Procedure: Divert flow to 200 litres drum. Allow solids 
to settle and then measure the relevant 
dimensions. 
a. Check No.1 
Density setting at control panel ~ 34% 
Assume solids SG = 3.6 
15.5 em 
88 em 
Assume 10% by weight of 
1 0 0 moisture irL set·tled sand. 3_. "u em (clear Hater) ·-/-. -;--. -+_,--+--If 
+ + ~ ...\- + -t'-+ Gl[:;:~:l~~ soJ.:Lds) 
Therefore, % solids by volume in wet ·sand. using 
formula c in 8.1 (pp 183) 71.43 
SG of wet sahd· = 3.6 x 0.7143 + 1 x 0.2857 
= 2.857' 
Volume of pulp = nr 2 x 72.5 
'rherefore, % solids by volume 
32 •. 2 
213 
b. Check No.2 
Density setting at control panel ~ 30% . 
·)(;-·· r-71 15.5 em 
88 em I 43.0 em 
-f- '++-t ++ -+·l'• -+ .. · ..l-- -+- 29 5 . ·. • em 
(clear vvater) 
(settled solids) 
Volume of sand = nr
2 X 29.5 X 2.857 X 0.9 --3.6·-----·-
Volume of pulp = 1rr 2 x 72.5 




8. 6 MAGNETIC SEPARZ-I,_TOR TES'ri•WRK DATA ___ ,_ -----~-
'I' able 2 9. 
Feed rate = 95 
Pulp density 30 






Hag. feed 33.5 
Prim. drum tail 3.2 
Prim. drum cone. 62.2 
Sec. drum tail 9.9 
Sec. drum cone. 82.9 
Table 30 Q 
Feed rat.e 119 
Pulp density 30 





Mag. feed 30Q6 
Prim. drum t ail 4Q7 
Prim. drum c once 64o0 
Sec. drum tail 19o8 
one. l 69 a 9 
----~ -------
Sec. drum c 
US GPM/FT 


























36 .. 8 
US GPH/FT 














Feed rate 107 US GPH/F'I' 
Pulp density 40 % solids by volume 
Magnet performance . 38.6 
--r--
., Sample Satmagan Bison Wt. Recovery 
Balance Meter Based on 
( o;: ,o TM) (cgs) % T;.1 
-----·~-.... - -~-
Mag. feed 29.9 1286 100$0 
Prim. drum tail 2.7 108 48.8 
Prime drum cone. 55.9 2762 51.2 
Sec. drum tail 2w9 116 10.6 
Sec. drum cone. 69.9 3624 40~6 
---~---
Feed rate 119 US GPH/FT 
Pulp density 45 % solids by volume 
Magnet performance 31.4 
Sample Satmagan Bison Ht. Recovery 
Balance Meter Ba~;ed on 
(% TM) ( cg·s) % TH 
29.7 T 1574 100o0 
3.4 133 47 .. 3 
53.3 2830 ,, I 52,.7 
Mag. feed 
.~ 
Prim. drum tail 
Prim. drum cone. 
Sec. drum tail 20.2 1012 8.6 
Sec. drum cone . 




Feed rat.e 102 US GPH/F'r 
Pulp density 45 % solids by volume 
Magnet performance 33.,4 
Satmagan Bison Wt. Recovery 
Balance Meter Based on 
Sample 
(% TM) (cgs) % TM 
----------------+-------·----f-·----------
Mag. feed 29.1 1268 100.0 
Prim. drum tail 137 46 .. 2 
Prim. drum cone. 53.0 2826 53 .. 8 
Sec. drum tail 617 
Sec. drum cone. 62.2 3196 43 .. 5 
·----------~-------------J-------------~--·-------------
Table 34. 
Feed rate 21 US GPM/FT 
Pulp density = 40 % solids by volume 
Magnet performance = 38.8 
Sample Satmagan Bisor~--1 Wt. Recovery 
Balance Meter Based on 
(% 'I'M) (cgs) ~/, 'I'M 
29.7 ':1.883 100.0 
2.7 124 50.5 
57o3 I 2810 49.5 
3o1 144 10.6 
72~- 3826 I 38.9 t 
------·-"----- _______ .,.._ _______ _ 
' 














% solids by volume 
--~ Recovery 
I ~a:ed on 
% TM 
--- --- _________ .. ______ . 
Mag. feed 30.3 1558 100e0 
Prim. drum tail 4o3 136 46.9 
Prim. drum cone. 53.2 2800 53.1 
Sec. drum tail 12e3 724 12.8 
Sec. drum cone. 66.1 3356 40o3 
L 
Table 36. 
Feed rate 51 US GPM/FT 
Pulp density = 50 % solids by volume 
Magnet performance = 35o1 
Sample Satmagan Bison Wt. Recovery 
Balance Meter Based on 
(% TM) (cgs) o/ 'I'M /0 
Mag. feed 32Q2 1627 r~ Pritn. drum tail 2 .. 5 125 38.0 
Prirn. drum cone. 50 .. 4 2638 62 .. 0 
Sec. drum tail 15.1 744 15 .. 6 
Sec. drum cone. 62 ·" 3 35_80 I 46¢4 











Prim. drum tail 
Prime drum cone. 
Sec. drum tail 







Prim. drum tail 
Prim. drum cone. 
Sec. drum t:ail 
Sec. drum cone. 
99 US GP:H/FT 
20 % solids by volume 
54.4 
Satmagan Bison Wt. Recovery 
Balance Meter Based on 
( o,t ,o TM) (cgs) % TM 
-------- -·-·-·------- ·---- ~·-
3662 
4.3 


































% solids by volume 














Prim. drum tail 
Prim. drum cone. 
Sec. drum tail 















% solids by volume 




36.0 1698 100.0 
2.3 91 43.3 
61.8 3018 56.7 
4.5 208 16 .. 4 




40 % solids by volume 
48.7 
------------~,__ ________ ·...------
Sample Satmagan Bison vn . Recovery 
Balance Meter Based on 
(% TM) (cgs) % TM 
Mag~ feed 36.2 1700 100.0 
Prim. drum tail 1.4 50 40.4 
Prim. drum cone. 59.8 3230 59.6 
Sec. drum tail 12.8 612 14o4 





Feed ra'ce 52 US GPM/FT 
Pulp density 25 % solids by volume 
Magnet performance 39.1 
Sample Satmagan Bison vlt. Recovery 
Balance Meter Based on 
(% 'r.I'-1) (cgs) % TM -- ;---------- - --
Mag. feed 29.7 1255 100~0 
Prim. drum tail 3.2 153 61.5 
Prim. drum cone. 72.1 3438 38.5 
Sec. drum tail 10.1 326 1.1 
Sec. drum cone. 73.9 3490 I 37_.4 _ _j ~-- --1... 
Table 42. 
Feed rate = 42 ·US GPM/FT 
Pulp density 20 % solids by volume 
Magnet performance = 
Sample Satmagan Bison Wt. Recovery 
Balance Meter Based on 
(% 'rM) (cgs) % TH ------------
~ l'-1ag. feed 19.8 960 10000 
Prim. drum tail 3.4 173 59.9 
7 
Prim. drum cone. 44.3 2165 40.1 
J sec. drum tail 8. 3 327 









Prim. drum tail 
Prim. drum cone. 
Sec. drum tail 






Mag •. feed 
Prim. drum i:ail 
Prim. drum cone. 
Sec. drum tail 
Satmagan 
Balance 










70 US GPH/FT 
40 % solids by volume 
55.7 
Bison Wt. Recover1 
Meter Based on 







83 US GP11/FT 
40 % solids by volume 
51..2 
Meter . Based on 
(cgs) % TM 









Feed rate 47 US GPH/FT 
Pulp density 35 % solids by volume 
Magnet performance 49.5 
' . r 
. a . - ... 
Sample Satmagan Bison Wt. Recov 
Balance Meter Based on 
(% 'l'M) (cgs) % TM 
ery 
---
Mag. feed 35.0 1760 100.0 
Prim. drum tail 5.4 216 50.3 
Prim. drum cone. 64.9 3400 49.7 
Sec. drum tail 2.5 110 10.7 
Sec. drum cone • 82.0 4284 39.0 .. 
-
Table 46. 
Feed rate ::: 79 US GPM/FT 
Pulp density = 30 % solids by volume 
Magnet performance 65.1 
Satmagan Bison ~; Recovery 
Balance Meter sed on 
( 0/ ·rM) (cgs) I% TM /0 
sa·mple 
---
Mag. feed 41o1 1990 100.0 
Prim. drum tail 5.2 260 41.3 
Prim. drum cone& 66.5 3565 58.7 
3.8 180 14.0 
86.1 4685 44.7 
-----· 
tail l 
b.-_s_e,_c __ • __ d_r_'-'_.m_~.=-· _ ------
Sec. drum 
Ta~les 45 - 51 EEfec t of drum .speed i~1crease by 9 % 
'' 




















-·- ---··---· -· 
Mag. feed 37.0 NO 100. 0 
Prim. drum tail 6.3 ND 45. 8 
Prim. drum cone. 63.1 ND 54.2 
Sec. drum tail 3.1 ND 12. 1 
Sec. drum cone. 80.4 ND 42. 1 
Table 48. 
Feed rate 78 US GPH/FT 
Pulp density 35 % solids by volume 
Magnet performance = 35.1 
Sample Satmagan Bison 1\lt. Recovery 
Balance Meter Based on 
(% 'r til) (cgs) 0/ TM /0 ___ ,._ .. 
Mag. feed 27.4 1310 100.0 
Prim. drum tail 2.7 143 52.0 
Prim. drum cone. 54Q 2 2700 48.0 
Sec. drum tail 7.4 374 13.9 


























Mag. feed 33.2 1624 
Prim. drum tail 2.0 98 46.8 
Prim. drum cone. 60.7 3196 53.2 
Sec. drum tail 3.2 194 11.4 
Sec. drum cone. 4028 41.8 
Table 50. 
Feed rate ::: 58 US GPM/FT 
Pulp density = 20 % solids by volume 
Magnet performance :::: 46.0 
Sample Satmagan Bison \'it. Recovery 
Balance Meter Based on 
(% ·rM) (cgs) % TM ---------- --
.Mag. feed 31.7 / 1.600 100.0 
Prim. drum tail 1o6 83 58.9 
Prim. drum cone. 74.8 ~)900 41.1 
Sec. drum t:ail 3.8 170 3o1 






Feed rate 66 US GPM/FT 
Pulp density 30 % solids by volume 
Magnet performance 44.1 
Sa;magai Bison 1 ~'?t. Recovery 
Balance Meter Based on 
------1- (% Tt-1) _ __( _cg_s_> ____ l __ %_, _T_M __ _ 
34.8 1848 100.0 
Sample 
Hag. feed 
Prim. drum tail 3.8 116 49.3 
Prim. drum cone. 65.0 3326 50.7 
Sec. drum tail 218 2.7 
Sec. drum cone. 3750 47.0 
'l'able 52. 
Feed rate = 58 US GPM/FT 
Pulp density 45 % solids by volume 
Magnet performance 1.6. 3 
Sample ~atma~an Bison Wt. Recovery 
Balance Meter Based on 
(% TM) ( cg s ) % TM 
---4--------+-· -------
Mag. feed 35.3 1628 100.0 
Prim. drum tail 4.1 124 32.5 
Prim. drum cone. 50.3 2348 67.5 
-~-·-------··---
Sec~ drum tail 
Sec. drurn cone. 
----
45.8 46.8 2316 
I 
_j_ ____ _ 
62.9 3116 21.7 











% solids by volume 
Bison r \'It. Rec;~ryl 
Meter Based on I 
·--------------~-----·------
--~ c~_:_!_ _____ % T}-1 ... _J 
Mag. feed 34.2 1532 100.0 
Prim. drum tail 3.1 116 60.3 
Prim. drum cone. 81.4 3582 39.7 
Sec. drum tail 63.2 3116 2.6 
Sec. drum cone. 4092 37.1 
Table 54. 
Feed rate = 113 US GPM/F'I' 
Pulp density = 40 % solids by volume 
Magnet performance 18.0 
I 
r,---::=1 
Satmagan Bison I Wt. Recovery! 
Balance Meter Based on 
( % 'I'M ) ( cg s ) _l % Tt-1 
·----+------ I ----- ~-------
29.4 1250 100.0 
r-;ample 
t1ag. feed 
Prim$ drum tail 5.4 244 57.4 
Prim~ drum cone. 61.8 3162 42.6 
Sec. drum tail 
Sec . drum conc:J 
., . ..,._. ... ______ 
56.6 2903 22.6 ! 







Feed rate 91 US GPM/FT 
Pulp density 35 % solids by volume 
Magnet performance 46.3 
Sample Satmagan Bison ~ Wt. R~overy 
Balance Meter Based on 
(% TM) (cgs) % TM 
·--- ----·----- -------
Mag. feed 36.6 1575 100.0 
Prim. drum tail 4.7 197 40.8 
Prim. drum cone. 58.6 2920 59~2 
Sec. drum tail 7.9 291 11.6 
Sec. drum cone. 71.0 3466 47.6 
Table 56. 
F'eed rate = 90 us GPH/FT 
Pulp density = 30 % solids by volume 
Hagnet performance = 47.7 
!'------------..----,&-----·-~--------~ 
Satmaga~ Sample Balance 
(% TM.) 
Mag. feed 
Prim. drum tail 3.4 
Prim. drum cone. 
drum tail ~~-7 l 




















Tables 55 to 59 Effect of field intensity (0.25 in rubber) 
229 .. 
Table 57. 
Feed rate 85 US GPH/FT 
Pulp density :::: 25 % solids by volume 
Magnet performance 46 .. 7 
-
Sample Satmagan Bison Wt. Recoveryl 
Balance Meter Based on 
(% TM) (cgs) % TM 
I ·-
Mag. feed 36.4 1580 100.0 
Prim. drum tail 2.2 80 46.2 
Prim. drum cone. 65.8 3370 53.8 
Sec. drum tail 25.4 1220 7.6 
Sec. drum cone. 72.4 3726 46.2 
-
Table 58. 
Feed rate ::: 79 US GPM/FT 
Pulp density :::: 25 % solids by volume 
Magnet performance = 41.5 
Sample 
Hag~ feed 
[Satmagan Bison I vn. Recovery 
Balance Heter I Based on 
(% TM) (cgs) f™ ----- ----""'--32.8 1595 100.0 
Prim. drum tail 4.3 135 48.0 
Prim. drum cone. 59.1 2865 52.0 
Sec. drum t<:dl 11.4 492 12~2 









Prim. drum tail 
Prim. drum cone. 
Sec. drum tail 







79 US GPM/FT 
30 % solids by volume 
52.6 
------
Satmagan~on Wt. Recovery 
Balance . Meter Based on 












(% TM) (cgs) 
100.0 





% solids by volume 
vJt ~ Recovery 
Based on 
%TM 
r---~--- ------t---------1-- ----l 
Mag. feed 38. 2 17 60 100.0 
Prim. drum tail 4~3 144 42-..4 
Prim. drum cone. 63.2 3120 57;;.6 
Sec. drum tail ND 20~7 
Sec. drum cone. 89.5 4310 
230~ 
I ---- ·-·----------' 
Tables 60 to 64 Effect of gap clearance (1.63 inchss) 
23L 
Table 61. 
Feed rate 90 US GPM/FT 
Pulp density 30 % solids by volume 
Magnet performance 
Sample Satmagan Bison 1Wt. Re~;;v~;~] 
Balance Meter Based on 
(% TM) (cgs) % 'l,M ,...._, --r--·------"-1--------· 
Mag. feed 36.6 1728 100cQ 
Prim. drum tail 3.4 185 46.8 
Prim. drum cone. 65.8 3288 53.2 
Sec. drum tail 18.9 930 16.6 
Sec. drum cone. 88.3 4290 36.6 
---
Table 62. 
Feed rate 91 US GPM/FT 
Pulp density 35 % solids by volume 




Satmagan Bison Wt. Recovery 
Balance Heter Based on 
(% TM) (cgs) % TM 
·--~-
Hag. feed 36.6 1575 100.0 
Prim. drum tail 4~7 197 40.8 
Prim. drum cone. 58.6 2920 59.2 
Sec. drum tail 12.4 516 19.4 














Prim. drum tail 
Prim. drum cone. 
Sec. drum tail 













79 US GPN/FT 
25 % solids by volume 
43.6 
Bison l"lt. Rec~ve;yJ 
Heter Based on 
(cgs) % T£.1 
-·-----·--·-r-· -
. 1596 I 100.0 I 
135 48.0 
2865 52.0 
ND 2 3. 2 
4850 28.8 
85 US GPM/FT 
25 % solids by volume 
54.3 
Balance Meter Based on 
( % TM) ( cg s ) % TH 
satmagan Bison l-~vt. Re;o01· ery 
~-----------·----+--------~----·--·--------------
Mag. feed 36.4 1580 100.0 
Prim. drum tail 2.2 80 
Prim. drum cone. 65.8 3370 53.8 
Sec. drum tail 12.3 490 
{_~ ec • _ _::_rr_1 __ c_o_n_c_. __ J.._ __ 8_5 ___ • __ 6_. --·- 4390 11 39.3 
--~----....._ ___ .. -·----.. --""""--··--







Feed rate 58 US GPN/FT 
Pulp density 45 % solids by volume 
Magnet performance 33.1 
Satmagan 1----;ison 1'it. Recovery 
Balance Meter Based on 
Sample 
----
(% TM) J (cgs) % TM 
----+-·~--------- -----------· --------
Mag. feed 35.3 1628 100.0 
Prim. drum tail 4.1 124 32.5 
Prim. drum cone. 50.3 2348 67.5 
Sec. drum tail 
Sec:. drum cone • 
29.5 L 1440 34.9 
72.3 3545 32.8 
---
Table 66. 
Feed rat.e = 157 US GPM/PT 
Pulp density 20 % solids by volume 
Magnet performance 44.4 
Sample 
Mag. feed 
Prim. drum tail 
Satmagan ·1 Bison Wt. Recovery 
Balance Meter Based on 
(% TM)--~---~~gs_) ----~TM 
34.2 1532 100.0 
3.1 116 60.3 
Prim. drum cone. 8'1. 4 3582 39.7 
Sec. drum tail 56.9 2910 8.7 
Sec. drurn cone. 88.3 4340 31.0 
I __ , __________ __._ _________ _1 _________ ..........!------
Tables 65 to 67 Effect of ga? cleara?J.ce (1.83 inches) 
Table 67. 
Feed rate = 113 US GPM/FT 
Pulp density 40 % solids by volume 
Magnet performance 32 .1 
Sample Satmagan 
I Bison Wt. Recovery 
Balance Meter Based on 
( ct ,o TM) (cgs) % T~ ...,. ________ 
----· 
Mag. feed 29.4 1250 100.0 
Prim. drum t ail 5.4 244 57.4 
" 
Prim. drum c one. 61.8 3162 42.6 
~ec. drum t 
" 
ec. drum c 
ail 30.8 1420 9.2 
one. 70.3 3372 33.4 
Table 
Feed rate US GP!-1./FT 
Pulp density :::: % solids by volume 
Magnet performance -
Sample Satrnagan Bison Wt. Recovery 
Balance Meter Based on 
( 0/ 
iO TN.) (cgs) % TH 
Mag. feed 
Prim. drum tail 
Prim. drum cone. 
Sec. drum tail 





CORRELATION COEFFICIENTS AND LEVEL OF SIGNIFICANCE '""' 
235 
'l'he relationship between two sets of data may be evaluated 
using the Pearson product moment correlation coefficient. 'l'his is 
defined as: r (l (X - .Xj ( y - YJ =: ' --::·1 --·,---I i -----
N 1. ox ) \ oy 
where x and y are means of x and y values respectively 
and ox, ay represent the standard deviations of all x and 
y values respectively. The correlation coefficient r ranges 
between 1.00 and -1.00 with a positive perfect relationship 
reflected by an r of +1.00, a perfect negative relationship 
reflected by an r of -1.00 and a lack of any relationship 
reflected by an r of zero. It should be noted that for cer-
tain purposes, an r of 0.50 might be considered satisfactory 
whereas in other situations, an r of 0.90 or higher would be 
required. To generalise to a population regarding relationships 
between variables, the statistical significance of the sillm?le 
:r:elationship 'should be determined. Deterrninat:ion of sb:ttistical 
significance of r is easily done since tables of these are 
available. Table 71 34 is based on a two-tailed hypothesis test, 
that is, r may be either positive or negative. By a statisti-
cally significant phenomenon is meant that the observed occur-
renee represents a significant departure from what might be 
expected from chance alone. Hence, the lower the level of sig-
nificance or chance occurrence, the higher is the statistical 
significance. As a rough guide, values between 5% and 1% can 
be termed 'probably significant', between 1% and 0.1% 'signi-
ficant' and below this level, 'highly significant'~ 
,, 
Th.E CORRELATION COEFFICIENT 
TABLE 71 --VALUES OF TilE CORl<ELATION COEFFICIENT 
FOR ll!FFERENT LEVELS OF SIGNIFICANCE 
·-:---~co •I~--1·---:-os.- ·--=--~-----~~~ 
----------:------------,-------·----- ________________ ! _____________ _ 
r 'i' ·93769 ' '99()()!7 I_ ·9oqso()G '9998766 
2 I •C)OOOO I '95000- I '.',9~0~0- •<)C)OOOO 
3 
11 
·8°5·1 I .})783 
1 
).J·b3 ·9sS73 
4 ·7293 ·I3II4 .i)~)zz •')l/~O 
s 1 -669-1 1 ·75--15 -83~9 -87-15 
6 I ·Ci.~l5 I •jO{t7 •78'67 ·83-1-3 
I ·sS.::z I -6664 ·7·>98 ·7977 
8 '519-t •OJI9 •Jl55 ·j6.JtJ 
9 I ·s~ 14 -6ozr -6Ssr -73~8 
lo I ·-!973 I ·s76o -6s8t ·7079 
II '4/U2 I '5529 ·03.\9 -6335 
12 ·-!5i'5 
1 
·S~\2-! ·CiLlO ·66q 
13 ·.J-!09 I ·5139 ·5923 ·6.pr 
~~ , ::;~~:: 1
1
: :J~~-~ :~n~ :~~~~ 
11i 1 -.1ooo ... 1G;)3 -svs -5s97 
1 7 1 ·.)S~)·/ · .. 1555 ·s:;ss ·si~Sl 
18 ·37s3 I ·-HJ8 ·srss ·sC.q 
19 ·3M)7 ··L\29 ·5'\H ·s.;87 
20 · 3598 ·.pz 7 ·-l<J:! r · 53(18 
25 •32.33 ·J80C) '·liSI .,ISiiC) I 
3° •Z')(JO ·.3491- '4093 ··1<187 I 
35 ·z741i ·3::!-16 ·38ro -,p82 
'4° •:.!573 •.)044 "3578 ·:,~13-~ 
45 .z.ps -~s, 5 .33 itt ·~"'r 
so I ·2306 -2732 ·3218 I -35-~; I 
Go ·z108 ·25oo •2948 ·3:qS 
7° ·1954 •2319 •2737 •.)0~{ 
So , -r829 ·2172 ·zsGs I -zS3o 
90 l ·I /20 ·2050 •2,tz2 ·2C'73 I 
roo ___ l_~l-~Js--~~-~6 ·23or l ___ :~s~~~-_j 
For a tot:d correlation, n is 2 less than the number of pairs in the 
sample; for a partial correlation, til'; nmnlter of eliminated v;u·iat.::s also 
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